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BIOLOGICAL WITH ARSENIC’ 


LV. THE HIsToPpaATHOLOGIC Errect oF ARSENIC’® UPON THE HEMATOPOIETIC 
TISSUES OF PATIENTS WITH LEUKEMIA 


STUDIES 








MaTtTHEW Biock, Px.D., M.D., Leon O. Jacosson, M.D., 
AND WILLIAM NEAL, M.D. 
CuHIcaGo, ILL. 


INTRODUCTION 


i gee paper is the fourth of a series on the medical applications of arsenic 
(As*°), a radioisotope with a half-life of 26.8 hours and emitting energetic 
beta and gamma rays. In the first paper the method of preparation by pile ir- 
radiation of cacodylie acid was desecribed.!| The second paper? defined the dis- 
tribution of arsenic in mammalian tissues after intravenous injection; most of 
the arsenic was concentrated in the spleen, liver, and kidney within twelve to 
24 hours, and half of the injected arsenic was excreted by the kidney within 
seventy-two hours.* In the third paper, treatment of neoplastic hematopoietic 
disease with As’® was shown to be about as effective as with any of the com- 
monly used therapeutic agents in that remissions were usually induced in 
chronic leukemia and only rarely in subacute or acute leukemia or multiple 
myeloma; one case of metastatic carcinoma also failed to respond.* 

The purpose of this paper is the investigation of the histopathologic effects 
of As*® upon hematopoietic tissues including liver and spleen in order to de- 
termine its mode of action. Since the biologie effects of all ionizing radiation 
are essentially similar,‘ it is hoped that information obtained in the present 
study will be applicable to the problem of the mechanism of irradiation ther- 
apy. In addition, a review of the literature indicates the presence of an almost 
complete gap in our knowledge of the histopathology of the liver and spleen in 
untreated cases of leukemia or in incipient stages of this disease. Therefore, 
descriptions of the histopathology of the organs in untreated patients have 
been ineluded wherever such a description would supplement or modify our 
present knowledge. 


MATERIAL AND METHODS 


Table I lists the biopsies obtained from the various patients with the time intervals 
tween treatment and biopsy, as well as the source of the biopsies. Except where noted, 
pretreatment biopsy was obtained within twenty-four hours prior to the injection of 

A total of 61 marrow biopsies, 23 splenic biopsies, 11 liver biopsies, and 3 lymph 
e biopsies were obtained from 19 patients. Biopsies of liver, spleen, and lymph nodes 
e performed with the Vim-Silverman needle.5 
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PATIENT 
DOSE 
ORGAN 


RB. LL. 
69 me. 
marrow 


ie 
17 me. 
marrow 


17 me. 
spleen 
i. B. 
90 me, 
marrow 
eR CMa 
13.5 me. 
12 me. 
marrow 
35 me. 
liver 


W. M. 
60 me. 
spleen 


B. 

2 me. 
marrow 
59 me. 
marrow 
spleen 


G. M.t 
69 me. 
36 me. 
marrow 
69 me, 
36 me. 
spleen 


A Mayer 
40 me. 
marrow 


M. S. 

30 me. 
marrow 
54 me. 
marrow 


l 
460931] 


138819 


5 
349870 


461855 


Ss 
430411 


q 
415771 


BLOCK, JACOBSON, AND 


TABLE I 


NEAL 


INTERVAL BETWEEN TREATMENT AND BIOPSY 


A. Acute Leukemia 


30 days 
N.S.C. 


B. Subacute 


10 days 
N.S.C. 


10 days 
N.S.C. 
16 days 
N.S.C. 


21 hours 4 months 
(after 13.5 me.) further ¢ in iron 
iron 


13 days 
definite | cellular 
infiltrate 


3 days 

iron t 

cellular 
infiltrate ¢ ? 


46 days 
mitoses 7 


Myelogenous Leukemia 


18 days 
further | 

in cellular 
infiltrate 


C. Chronic Myelogenous Leukemia 


8 days 

cells J . 

cords and sinuses 
clearer, 

mitoses not | 


3 days 
deg. of mature 
and immature 


cells t 


6% months 


6 months 
y no mitoses 


N.S.C. 


36 hours 
mature cells | 
18 hours 

deg. t ? 

4 days 

N.S.C. 


? 


18 hours 
mitoses | 
deg. > ? 


5 days 
? cells J ?. 
sinusoidal strue- 
ture, easier to 
see? 
40 days 
? cells | 
erbl. 7 
right shift + 
mitoses unchanged 


22 days 


deg. 


4 months 
N.S.C. 


214 months 
N.S.C. 
erbl. 4 


10 days 
N.S.C. 





8 monthst 
sarcomatous 
change, 

fibrosis 7 


14 days 
further | cells? 


41% months 
cells t 
left shift 7 
erbl. | 
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TABLE I—CONT’D 
CASE 
UNIT 
NO, 


PATI ENT 
DOSE 


ORGAN INTERVAL BETWEEN TREATMENT AND BIOPSY 


D. Subacute Lymphatic Leukemia 
29 days 
erbl. + 


mitoses | 


H. W.t 10 
36 me, 424699 
39 me. 

marrow 


7 days 
N.S.C. 


29 days 

no. 1 in portal 
? tissue 

iron 


7 days 
m.l. | 


iron 7 


36 me, 
39 me, 
liver 


E. P. 


14 me, 


6 days 
erbl. and gran. 
a 
Chronic Lymphatic Leukemia 
months 
erbl. + 
megak. ¢ 


5 months 54% 
cells t due to 


* sl. erbl. 4 


H. S. 12 
76 me, 199390 
marrow 

25 days 5 months 
cells t iron * 


iron 


5 days 

cords and 
sinuses seen 
more clearly, 


cells | 


21 hours 
N.S.C. 


76 me. 
spleen 


tire cS 
SU me, 
marrow 


20 days 
N.S.C. 


14 hours 
mast cells ¢ 
deg. ¢ ? 


SO me, 
spleen ? 


W.B. 14 
30 me, 458095 
spleen 


17 hours 
N.S.C. 


17 hours 
N.S.C. 


3 me, 

ly mph 

node 

Neat. 15 
458099 


13 days 
erbl. 4 ? 
megak. f ? 


17 hours 
white pulp 
nodules seen 


Polycythemia Vera 


+ months 
N.S.C. 


16 9 days 
128244 megak. deg 


Multiple Myeloma 


5 days 
N.S.C. 


3 days 
neutrophils and 
precursors t ? 


24 days 
N.S.C. 


months 6 months 


S.C. N.S.C. 


months 10 months 
S.C. 


7 months 
hematopoietic 


cells | ? iron ¢ 








hematopoiesis | 
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TABLE I—CONT’D 
PATIENT 
DOSE 
ORGAN INTERVAL BETWEEN TREATMENT AND BIOPSY 
35 me. 5 dayst 
marrow iron 7 
hematopoietic 


eells J 
H. Metastatic Carcinoma (from stomach) 


2, As. 19 20 hours 5 days 15 days 
liver $36200 no tumor tissue no tumor tissue N.S.C. 


marrow 1 day 8 days 
N.S.C. serous fat atrophy 
cells ‘| 
increase 
decrease 
questionable 
total cellularity 
no significant change 
erythroblasts 
lymphocytes 
medium lymphocytes 
megak. megakaryocytes 
deg. degenerate cells and/or cellular debris 
*Pretreatment biopsy five days prior to treatment with As7é 
Injections one week apart; interval measured from first injection. 
tNo pretreatment biopsy within twenty-four hours of treatment. 


WM a 


Observations were made in both smears and sections, but it soon became apparent 
that the smears were too unreliable and variable to permit comparison of pretreatment and 
posttreatment biopsies, and accordingly all the observations are based upon study of tis 
sues fixed in formol-Zenker, sectioned at 6 micra in nitrocellulose, and stained with hema 
toxylin-eosin azure IT.6 


RESULTS 


The importance of adequate control material became apparent early in this 
Repeatedly, foci of degenerating cells, complete absence of mitoses, or 


study. 
slight variations in cellularity or unusual ratios of cells to one another were en- 
countered in the post-treatment tissues. These phenomena ordinarily would have 
been ascribed to the effects of treatment had they not also been found occasionally 


in pretreatment biopsies (Figs. 1 and 9b). Moreover, there was a tendency for 


the tissues of any one patient to accumulate iron and for the spleen to undergo 
a sarecomatous change with the passage of months and years, metamorphoses 
which could easily have been ascribed to each succeeding course of treatment, 


mature neutrophil granulocyt 


Fig. 1.—Foci of degenerating granulocytes (G’), many 
Case 6. (X115 


(G), reticular cells (R), spleen, untreated chronic myelogenous leukemia, 

Fig. 2a.—Portal infiltration with leukemic tissue (P.J.), liver prior to third cours¢ 
treatment, subacute myelogenous leukemia, Case 4. (*130.) 

Fig. 2b.—Same patient, decreased portal leukemic infiltration (P.J.’), 
treatment. (X130.) 

Fig. 3a.—Overwhelming of architecture by myelogenous tissue, mature granulocytes 
as numerous as stem cells (H). spleen, untreated case of one and one-half year’s durat 
chronic myelogenous leukemia, Case 5. ( 330.) 

Fig. 3b.—Three days after treatment, diffusely spread degenerating cells (X), no ' 
dence of selective degeneration of reticular cells (R) or hemocytoblasts (H), Case 5. (X1! 

Fig. 3c.—Eight days after treatment, cords and sinuses (S) are clearer due to decr' 
in free cells, hemocytoblasts (H) still numerous. Architecture essentially similar to 3a, ‘ 
5. (x 290.) 

Fig. 4a.—Overwhelming of architecture by myelogenous tissue with many clumps of 
granulocytes (G), occasional hemocytoblasts (H), spleen, untreated chronic myelogé 
leukemia, Case 7. ( 190.) 

Fig. 4b,—Fourteen days after treatment, essentially similar to 4a, spleen, Case 7. (X 


thirteen days atl 
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had not a biopsy been obtained prior to each new course. In general, it must 


be emphasized that the changes observed microscopically that could be aseribed 


to treatment were minimal and in no way proportional to the sometimes dra 
matie improvement in the peripheral blood and clinical course of some of the 
patients. 


A. Acute Leukemia.—The marrow of the patient in Case 1, who failed to show any sig 
nificant clinical or peripheral blood changes, except a drop in white count from 6,450 to 2,700, 
was studied at four, thirty, and forty-six days after treatment. This patient’s marrow prio1 
to treatment consisted of sheets of medium to large hemocytoblasts (myeloblasts) with 
rarely more mature marrow cells. Megakaryocytes were completely absent. The only 
change noted was a slight but probably significant increase in the number of mitoses at 
the time of death, forty-six davs after treatment. 

E. Subacute Myelogenous Leukemia. Splenic, hepatie, and marrow tissues were studied 
in three previously untreated patients. The marrows of these patients were essentiall) 
similar, consisting of sheets of hemocytoblasts, promyelocytes, and myelocytes, with ex 
tremely rare erythroblasts and rare or absent megakaryocytes. Plasma cells lining arterial 
capillaries were fairly numerous. Abnormally numerous plasma cells were demonstrable 
repeatedly in this site in many marrow biopsies in all the patients both before and after 
treatment. Mitoses were not frequent, hardly more than the number seen in biopsies of 
marrows of patients without malignant disease. 

The marrows of two of the patients (Cases 2 and 3) obtained at autopsy ten days 
and sixteen days, respectively, after treatment were essentially similar to the pretreatment 
biopsies, although the white count of Case 2 rose from 78,500 to 316,000 and that of Case 
5 dropped from 8,400 to 1,050. The marrow of the patient in Case 4, who experienced a 
definite remission clinically and hematologically, failed to show any clear-cut effect of 
treatment at twenty-one hours and at four months after treatment except for a progressive 
inerease in iron which was probably related to the 12 liters of blood he received during 
this period. His white count had dropped from 15,950 to 4,500 within one month of the 
double injection of As76 (13.5 and 12 me.) at which time more immature cells appeared in 
the peripheral blood. 

In Case 2 splenic tissue prior to treatment consisted of a diffuse sheet of hemocyto 
blasts and very immature precursors of neutrophils and eosinophils in a reticular cell net 
work. Mitoses were not unusual in number, and it was rare to find a cell with a multi 
lobed nucleus. There was no white pulp, and cords and sinuses of the red pulp were not 
recognizable. Megakaryocytes and erythroblasts were not seen. At autopsy, ten days 
after 17 me., in spite of an increase from 78,500 to 316,000 in the white count, the splenic 
tissue was similar to that obtained at biopsy. 

Prior to the third course of treatment the major abnormality in the liver of the 
patient in Case 4 (Fig. 2a) was the presence of granulocyte precursors in the portal tissue. 
They showed the same degree of maturation as seen in the patient’s marrow but in t! 
liver hemocytoblasts were absent, suggesting a direct origin of promyelocytes from fixe 
tissue precursors. Iron was increased in the hepatic epithelium. Megakaryocytes, eryt! 
blasts, and lymphocytes were not seen, and mitoses were extremely rare. The amount 
infiltration was slight, being approximately equal to that seen in a subsiding hepat 
The major abnormality was the presence of a single cell lineage rather than the nur 
of cells. 

At three days after treatment, no change except an increase in iron was noted, 
by thirteen (Fig. 2b) and nineteen days after treatment, in parallel with a clinical remis 
and a drop in the white count from 11,700 to 3,800 within one month, a decrease i! 
amount of infiltrate in the liver was demonstrable without any evidence of a decrea: 
the number of mitoses or increase in the number of degenerating cells to account fo 
change. The differential count did not change appreciably during this remission. 


months after treatment the white count rose to 89,000 and the patient died. 





BIOLOGICAL STUDIES WITH AS‘ HOD 


C. Chronic Myelogenous Leukemia.—An unusually large number of splenic biopsies were 
available for study in this group because of the frequency of splenomegaly. A total of 10 
serial biopsies were available from three patients (Cases 5 to 7) none of whom had satis 
factory remissions. Prior to treatment (Figs. 1, 3a, and 4a) there was no distinction 
between red and white pulp, the spleen being replaced by a tissue consisting of a reticular 
cell network permeated with all the stages of maturation from the hemocytoblast to the adult 
granulocyte in both eosinophil and neutrophil series, similar to that seen in the marrow at a 
corresponding stage in the disease. Hemocytoblasts were no more numerous than adult 
granulocytes (Figs. 1, 3a, 3b, and 4a). Mitoses were not unusually frequent, and oceasional 
clumps of degenerating adult neutrophils were seen (Fig. 1). In two patients (Cases 5 and 
7) not even one mitosis was seen in some of the seetions studied (Figs. 3a and 4a). White 
pulp was not demonstrable in these cases. In other untreated cases of chronie myelogenous 
leukemia we have occasionally seen small areas of white pulp. The almost complete ab 
sence at all stages of chronic myelogenous leukemia of erythroblasts and the extreme 
rarity of megakaryocytes and white pulp, as well as the uniform diffuse picture, differen 
tiates chronic myelogenous leukemia from myeloid metaplasia.7 

The patient in Case 5 experienced a four-month clinical remission characterized by 
a drop in his white count from 357,000 to 155,000 and a decrease in size of his spleen by 
5 em. within two and one-half weeks of treatment. At three days after treatment there 
was a definite increase in the amount of degeneration in both mature and immature forms 

Fig. 3b), but mitoses were seen, whereas they were not seen in the pretreatment biopsy. 
Furthermore, this degeneration was not composed solely of foci of adult granulocytes seen 
commonly in untreated leukemic spleens (Fig. 1), but was more diffuse in nature (Fig. 3b). 
There was no evidence of any selective cytotoxic effect on the more immature cells (Fig. 3b). 
\t eight days after treatment the spleen was more acellular so that the arrangement of the 
cords and sinuses was detectable. This decreased cellularity did not specifically involve the 
hemocytoblasts (Fig. 3c). 

The spleen of Case 6 examined eighteen hours after injection of 59 me. of As7é 

second course) had a questionable increase in degeneration in cells at about the myelocyte 

stage. However, his pretreatment biopsy had an unusually large amount of degeneration 
Fig. 1). Certainly, there was no decrease in the number of mitoses. During his remission 
f about two months, the white count dropped from 143,000 to 55,000, and the spleen 
became about 4 em. smaller. 

Splenic tissue of the patient in Case 7 was examined at eighteen hours, five days, and 
fourteen days after the first of two injections of As76, The biopsy eighteen hours after 
the first injection (69 me.) failed to show any change except possibly a borderline increase 
in degeneration and a decrease in mitoses. The next had a borderline decrease in cellu 
arity. There was also an increased number of adult granulocytes undergoing degeneration, 
but this was hard to evaluate since this is seen so commonly in untreated spleens of pa- 
tients with chronic myelogenous leukemia. At fourteen days after the first injection and 

week after a second injection of 36 me., there was no further decrease in cellularity, 
mitoses were present (Figs. 4a and 4b). The spleen became softer but no smaller. The 
te count dropped from 190,000 to 115,000 in this interval, with a decrease by half in the 


ber of immature cells in the peripheral blood. 


Noteworthy was the lack of change of architecture and the lack of de- 
ise of immature eells following treatment in all cases (Figs. 3a,b,c¢ and 
>). There was no evidence that irradiation decreased the number of imma- 


cells and increased the number of mature cells as has been claimed by 
ile-Weil® and Moeschlin.® 


Biopsies of the spleen of a patient treated with urethane were examined to compare 
effects of the two methods of treatment. At five days after initiation of urethane 
m. four times a day) which brought his count down to 12,000 from 245,000 and caused 
rease of about 5 em. in the size of the spleen, there was no change in the microscopic 
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appearance of the spleen. Urethane was discontinued after a month of daily treatment 
when the count was 12,000, and thereupon the patient experienced an exacerbation. Two 
weeks after this when the spleen had reached its pretreatment size and the white count 
45,000, another biopsy was obtained. Thereafter x-ray therapy and four days later 
urethane were initiated, resulting in a reduction of the count to 13,000 with a reductio: 
in the spleen by about 5 to 6 em. Another biopsy of the spleen was obtained on th 
thirteenth day of x-ray therapy and the ninth day of the second course of urethane 
therapy. It failed to show any change except possibly a decreased cellularity. Each of 
the biopsies had distinctly more degeneration than seen in the spleen of any other patient 
in this study, and the excessive amount of degeneration seen in the three post-treatment 
biopsies would have been considered to be due to treatment if a control biopsy from the 
same patient had not been available for comparison. 

The bone marrow prior to treatment consisted of dense hematopoietic tissue with 
5 to 10 per cent fat. Granulocytes and their precursors constituted about 80 to 95 per cent 
of all of the cells, there usually being less than 10 per cent erythroblasts. All stages of 
granulocytopoiesis were present from hemocytoblasts to adult granulocytes, but with a 
greater preponderance of immature forms than seen in any other condition, except possibly 
splenic neutropenia or the regenerative stage following a toxic neutropenia.1° However, 
the patient in Case 8, who had a remission of nineteen months, had as much of a right 
shift as seen in these two diseases (Fig. 5a). Mitoses were usually not strikingly increased. 
Also, as commonly seen in the other leukemic marrows, plasma cells were at least normal 
in amount and occasionally were found more frequently than normal, tending to be located 
along the arterial capillaries. Characteristically, in these comparatively early cases, mega 
karyocytes were increased in number, the only other condition in which they are more 
frequent being untreated polycythemia vera. 

Case 8 is of unusual interest since after a comparatively small dose of 40 me. she 
experienced a remission of nineteen months when last seen. At twenty-two days after 
treatment there was a slight increase in karyorrhexis which was probably not significant, 
but at forty days after treatment the marrow was less cellular and erythroblasts were 
increased (Fig. 5b). Foci of degenerating granulocytes (Fig. 5b) were seen in the latter 
biopsy but, as has been pointed out, this oceurs sporadically in the untreated patients. By 
this time the white count had dropped from 124,250 to 15,000 with a return of the peripheral 
blood to about a normal differential. By four and one-half months after treatment the 
marrow was again similar to that seen prior to treatment. Nevertheless, the patient’s 
remission continued about fifteen months longer. 

The marrows of the other four patients examined, a total of 12 post-treatment mar 


rows varying from eighteen hours to seven months after treatment, failed to show any 
In some of the patients there was a slight increase in erythroblasts 


significant change. 
and borderline changes in the number of degenerating cells, but invariably these changes 


were of such a minimal degree that examination of control pretreatment marrows usually 


disclosed similar phenomena. This group of tissues re-emphasized the need of adequate 


18 


control material to serve as a basis of comparison to the post-treatment tissues. It 1 


Fig. 5a.—Replacement of marrow by myelogenous tissue with cells varying from her 
ecytoblasts (H), to neutrophil granulocytes (G@), with occasional erythroblasts (#), untre 
chronic myelogenous leukemia, Case 8. (X345.) 

Fig. 5b.—Forty days after treatment, decreased cellularity and increase in erythrob! 
(E£), degenerating granulocytes (G’), marrow, Case §8. ( 345.) 

Fig. 6a.—Numerous erythroblasts (EF), among sheets of medium lymphocytes (1 
untreated subacute lymphatic leukemia, marrow, Case 10. (x630.) 

Fig. 6b.—Twenty-two days after second dose of As, marked increase in erythrob 
(FE), and decrease in medium lymphocytes, (M), marrow, Case 10. (x630.) 

Fig. 7a.—Diffuse sheet of small lymphocytes, pretreatment, chronic lymphatic leuké 
spleen, Case 12. (X400.) 

Fig. 7b.—Five days after treatment, slightly decreased cellularity, cords and sinu 
(S) of red pulp recognizable, spleen, Case 12. ( 325.) 

Fig. 8a.—Diffuse sheet of lymphatic tissue, pretreatment, chronic lymphatic leuk¢ 
spleen, Case 13. (X745.) 

Fig. 8b.—Fourteen hours after treatment, essentially similar to Fig. 8a, spleen, Cas¢ 
(X745.) 
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noteworthy that the most marked changes were demonstrable in the marrow of the patie: 
in Case 8, who had by far the most complete hematologie and clinical remission; her mar 
row prior to treatment was the most benign. It was surprising that the other patients, i: 
particular Case 6 with a remission of two months and Case 9 with a remission of 


five months, failed to show anything significant. The marrow of the patient in Case 9 


} 


two and one-half months after the second course of treatment was thought to have had 


a significant increase in erythroblasts coinciding with the height of her remission and a 
drop in white count from 105,000 to 7,100 and a decrease in the per cent of immature 
cells in the peripheral blood. This patient in the ensuing two years has developed severe 
chronie hemolysis and progressive increase in erythroblasts in the marrow making it 
questionable whether the increase in erythroblasts was due to As76, 

D. Subacute Lymphatic Leukemia.—The patient in Case 10 was of unusual interest in 
that he had a severe associated hemolytic anemia. This was reflected in his bone marrow, 
in which erythroblasts were almost as numerous as medium lymphocytes (lymphoblasts 
something never found in any of our patients with untreated uncomplicated leukemia 
(Fig. 6a). Mitoses were frequent in these erythroblasts. The liver, however, presented the 
usual picture of subacute lymphatie leukemia with infiltrates of monomorphous lymphocytes 
of medium size in the portal tissue and complete absence of erythroblasts, megakaryocytes, 
and granulocyte precursors, superficially resembling subacute hepatitis, but the pleo 
morphism characteristic of the inflammatory response in the latter was completely lacking. 
There was an excess of iron pigment in the portal tissue, Kupffer cells, and parenchyma 
cells, the ty pical picture of hemosiderosis. 

Seven days after 36 me. of AS76, the marrow was essentially unchanged. Another 
39 me. of As76 was injected at that time and the marrow examined twenty-two days later, 
at which time the erythroblasts were greatly increased in number (Fig. 6b). 

The liver had a marked decrease in lymphatic infiltration seven days after treatment, 
and twenty-two days later there was still no lymphatic regeneration. This decrease in infil- 
tration paralleled the decrease in white count (94,500 to 16,250), increase in percentage of 
neutrophils from 80 to 48; and increase in erythroblasts in the marrow, It was similar to 
that noted in the liver of the patient in Case 4 following treatment (Figs. 2a and 2b). 

The other patient in the group, in Case 11, had a definite remission in fever, size of 
nodes, and a drop in the white count from 34,700 to 11,750 but without any change in 
differential count. This beneficial effect, following only 4 me., what we now consider a 
homeopathic dose, was accompanied by a questionable increase of a minor degree in 
erythroblasts and granulocytes in the bone marrow at six days after treatment. It seems 
most odd that so inadequate a dose could cause histopathologie and clinical improvement 
when other patients receiving six times as much As76 failed to show any effect. 

E. Chronic Lymphatic Leukemia.—Prior to treatment the spleens (Figs. 7a and Sa) of 
the 4 patients were essentially similar, consisting of a dense sheet of lymphatic tissue greatly 
resembling the dense diffuse internodular tissue seen in the cortex of a normal lymph node. 
Because of the cellularity, it was extremely difficult to recognize any landmarks except the 
connective tissue trabeculae. There was no myeloid metaplasia, The lymphocytes were almost 
exclusively of the small variety. Occasionally, one noted some phagocytized iron pigment. 
Mitoses were quite rare, hardly more frequent than in a nonleukemic spleen. 

Case 12 merits special attention since this patient experienced a five-month remission 
terminated by death due to congestive heart disease. During this time he maintained a 
normal hemoglobin after only two transfusions at the time of treatment and seven trans 


fusions in the following month. Previously, massive transfusions (approximately 10 


per month) accompanied by a wide variety of therapies barely served to maintain a evel 
between 4 and 9 Gm. of hemoglobin. Fortunately, this patient had two splenie punctures, 
one a few hours prior to As76 treatment, and the other four months earlier to ser\e as 
control material for che 3 biopsies and autopsy specimen of the spleen. A comparis.” of 
the pretreatment specimens indicated the variability present in the contro] materia] -ince 

ent, 


one biopsy had the same amount of pyknosis as seen at twenty-one hours after treat 
whereas the other had none at all (Fig. 7a). It is probable that had only one biopsy '¢e2 
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available before treatment, the pyknosis at twenty-one hours after treatment would have been 
considered due to the effect of the As76. By five days after treatment there was a slight 
decrease in the number of small lymphocytes so that the red pulp could be differentiated 
from the white pulp and the cords and sinuses were slightly more easily recognizable (Fig. 
7b). However, by twenty-five days after treatment, the cellularity had increased again and 
at autopsy, the cellularity had returned to its pretreatment level. There was a gradual 
increase in iron pigmentation. This histopathologic response in the spleen paralleled but 
was much less clear-cut than the obvious decrease in size of the spleen and nodes and 
marked subjective improvement. The white count dropped from 298,000 to 91,000 within 
one month after treatment only to return to its original level by the time of the patient’s 
death. At this time his hemoglobin was still 13 Gm. 


The other patients (Cases 153 to 15), because of various complications, failed to live 
long enough to assess the effect of therapy clinically. All experienced either a 30 per cent 
drop in white count or moderate decrease in size of their spleens. Splenic tissue examined 
at seventeen hours (Case 14), seventeen hours and three days (Case 15), and fourteen 
hours and twenty days (Case 13) failed to reveal any significant change compared to the 
control splenic tissue (Figs. 8a and 8b). The importance of the occasional nodules of white 
pulp seen in the spleen of Case 15 at seventeen hours is hard to evaluate since they are seen 
sporadically in chronic lymphatic leukemia. The spleen of Case 13 at autopsy had large 
areas of necrosis, but it is impossible to determine whether or not these had existed prior to 
treatment and, if not, was this necrosis ascribable to treatment or did it occur as part of the 
natural history of his disease. 

Through the cooperation of the x--ray therapy department a patient with untreated 
lymphatie leukemia was given through a portal of 10 em. by 10 em. over the spleen one dose 
of 600r measured in air representing a depth dose of 408r. A biopsy of the spleen in the 
center of the portal was obtained immediately prior to as well as twenty hours after treat 
ment. Examination of these two specimens failed to reveal any significant difference between 
the two. 


Prior to treatment the marrows of all the patients except that of Case 12 


were almost 

solidly cellular, practically all cells being small lymphocytes. This patient’s marrow had 

about 15 per cent fat, a most unusual finding in chronic lymphatic leukemia. The patient in 
Case 13 had an unusually large number of megakaryocytes in his marrow. 

The marrow of the patient in Case 12 was the only one to show any significant change, 

increase in the number of erythroblasts, megakaryocytes, and granulocyte precursors, as 

‘ll as in iron pigment at five and five and one-half months after treatment corresponding 

is clinical remission. During this time the differential did not improve, but the platelet 

ut inereased from 60,000 to 100,000, and the white count dropped from 294,000 to 150,000. 

marrow of the patient in Case 13 at autopsy at twenty days after treatment had large 

areas of spontaneous necrosis similar to those seen in his spleen. It was impossible to deter- 
mine if these areas were due to treatment or had occurred spontaneously. 

In Case 14 lymph node tissue obtained prior to treatment, as well as at seventeen hours 

and again at four days after injection of 38 me. of As76, were practically identical with that 

in the patient’s spleen. During this time the patient’s white count dropped from 

(0) to 251,000. Further observation was impossible because he died of a cerebral 

rrhage. 

K. Polycythemia Rubra Vera.—Examination of the bone marrow of the one patient 

| with 45 me, of As76 failed to reveal any change at nine days and at four months after 

ent. It is probable that he had an insufficient amount of As76, and his remission was 

due phlebotomies prior to treatment with As76, However, both his white count and plate- 


lets diminished by about 30 per cent so that he must have had some effective irradiation. 


After treatment with P32 his marrow fat quadrupled, a characteristic noted in all patients 
with »olyeythemia vera undergoing a remission following P32.11 

't. Multiple Myeloma.—These two patients had clinical manifestations and_histo- 
patho ogy that represented in one (Case 17) a most benign type and in the other (Case 18) 
an extremely malignant type of multiple myeloma. The patient in Case 17 continued to 




















510 BLOCK, JACOBSON, AND NEAL 











show a remission after various other therapies including x-ray therapy and symptomati 





treatment. His bone marrow has been examined 13 times during which the variation ha 





been greater than that seen between the pretreatment biopsy and the biopsies at five days 





after the first injection, and seventeen and eighteen days, and six months after the second 


injection. In fact, in about two-thirds of all the biopsies this patient had it was impos 






sible to make the diagnosis of multiple mveloma because of the sparsity of plasma cells 





This case illustrates the extreme diftic ulty of attempting to assess the effect of treatme: 






even with supposedly adequate control material where the lesion is spotty in nature 





minimal in extent, and in whieh there may be a gradual change inherent in the natura 






history of the disease. 





The other patient (Case 18) presented an entirely different marrow picture, the mor 





common appearance of multiple myeloma. The pretreatment marrow was composed 






islands of plasma cells with only occasional normal marrow cells. Fat cells represent: 
10 per cent of the marrow. In spite of the facet that this patient had experienced a 


dramatie clinical remission, biopsies at three davs, seven months, and nine months after 







treatment failed to show any significant change. At ten months plasma cells had inereased 







and hematopoietic cells decreased. 
He was then given another injection of 35 me. of As76 without anv clinical response, 





Examination of the marrow five days after the second injection showed a decrease in the 





number of hematopoietic cells, although it is possible that this change might have pre 






ceded the second injection since no pretreatment biopsy was available. There was a 





progressive increase in iron storage during the eleven months that the patient’s marrow 






was examined, probably due to repeated transfusions. 
H. Metastatic Carcinoma.—This ease is of more than usual interest because examination 


of the liver biopsies once again illustrated the difficulty inherent in the study of the histo 






pathologic effect of therapy in what would seem adequate material. The diagnosis of met 






static carcinoma was not suspected since the patient was admitted with a diagnosis of hepati 





splenomegaly of unknown etiology. What was thought to be spleen was biopsied by a trans 


abdominal approach. Examination of the tissue revealed liver tissue with metastatic 









cinoma. His liver was biopsied twenty hours, five days, and 15 days after treatment, : 
Two of the post-treatment biopsies did not cor 






hepatic tissue was also obtained at autopsy. 
Examination of the hepatic tissues obtained at autopsy revealed such 





tain any tumor tissue. 
a wide variety of stages in the growth and degeneration of the islands of tumor tissue 


« 


make it impossible to draw any valid conclusions relative to the changes seen in the vari 











needle biopsies which did contain tumor tissue, 


Two biopsies of his marrow prior to treatment disclosed tissue which was 55 to 60 





cent hematopoietic with an essentially normal distribution of cells except for a matura 
Foci of degenerating neutrophil g1 







arrest in the granulocyte series (Figs. 9a and 9b). 









locytes were seen (Fig. 9b) but, as already described in this paper and in other material we 
have encountered, this is a sporadically but widely occurring phenomenon in sections of 
all types of human marrows.1° One day after treatment the marrow was unchanged, but 
eight days later it had undergone an extensive serous fat atrophy with a decrease in 
mitoses and a reduction by about one-third in cellularity (Fig. 9¢). The maturation arrest 

it 


This decreased marrow activity wa 






of the granulocyte series was still present (Fig. 9d). 
reflected in the peripheral blood since the patient’s white count increased from 9,000 to 2 






and his platelet count remained stationary. 












DISCUSSION 





This study was completely lacking in one important aspect—failure to st'idy 







tissue from the overflow areas of the marrow, areas which are cellular in leuke ia 
and comparatively atrophic in the normal individual. It is possible that sich 
areas might be the sole site of dramatic change following irradiation. Ano’ ‘ier 
limitation was the comparatively small size of the biopsies, especially the mar: ow 





biopsies, the latter being obtained by sectioning particles of marrow aspi 
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through a nine-gauge needle. Fortunately, the marrow,'? spleen, nodes, and, to 
a lesser extent, the liver are each quite uniform in structure in leukemia, par- 
tially compensating for this difficulty. Inability to obtain biopsies from ceompa- 
rable sites was an insurmountable obstacle in the study of the liver in the single 
case of metastatic carcinoma (Case 19) and perhaps in the marrow in the com- 
paratively benign case of multiple myeloma (Case 17). 


There are certain explanations for our inability to demonstrate any marked 


histopathologic effects following treatment with arsenic’® even in patients under- 


going a clear-cut clinical remission. At a median lethal dose of total body x- 


Fig. 9a.—Pretreatment marrow, normal cellularity, Case 19. (< 225.) 

Fig. 9b.—Maturation arrest at metamyelocyte stage (N), degenerating mature granulo- 
(G’), same marrow as Fig. 9a. (1150.) 

Fig. 9¢.—Kight days after treatment, decreased cellularity and serous fat atrophy (SFA), 
3 CRAZE.) 

Nig. 9d.—Higher power of Fig. 9c, serous fat atrophy (SFA) and maturation arrest at 
yelocyte stage (M), same marrow as Fig. 9c. (X1150.) 
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irradiation or neutron irradiation extreme necrosis of susceptible cells (eryth 
roblasts, myeloeytes, megakaryocytes, and small lymphocytes), phagocytosis of 
debris, aplasia, and finally regeneration may be demonstrated unequivoeabl) 
When intensity of total body irradiation is reduced to about one-tenth to one- 
eighth of the median lethal dose it is impossible to demonstrate any micro 
scopie evidence of changes produced in the hematopoietic tissues in spite o! 
the fact that a drop in the peripheral blood count oceurs.* * 

An analysis by Dr. Marinelli of the Argonne National Laboratories of the 
intensity of irradiation after injection of As™ reveals that a dose level equiva 
lent to 50 to 125r of total body x-irradiation was attained. This is approxi 
mately equal to the level of total body x-irradiation in the experimental animal 
in which histopathologic evidence of irradiation is not demonstrable. From the 
animal experiments already alluded to, it is clear that changes in the periph- 
eral blood and size of hematopoietic organs may be found without histo 
pathologie evidence of radiation destruction, and it is not surprising that a 
similar situation existed in our patients. Furthermore, an inability to demon 
strate any microscopic effect of irradiation on hematopoietic tissues does not 
signify that there is no functional effect. Ilennessy and Huff'* showed a de- 
creased uptake of radioiron following doses as low as 5r of total body x-irra- 
diation in rats, a level of irradiation less than a tenth of that which yields de- 
tectable microscopic evidence of tissue damage. Their study demonstrates a 
reduced capacity of erythroblasts to utilize radioiron without differentiating 
between a decrease in normal function or a decrease in the number of viable 
erythroblasts, or a combination of both possibilities. 

Following injection of P*? and other radioisotopes in animal experiments 
it may be impossible to demonstrate any degeneration of cells or inhibition of 
mitoses to account for the depression of the peripheral blood, decrease in size 
of and microscopically demonstrable aplasia of the hematopoietic tissues.’ 
This does not mean that internal irradiation does not cause cellular degenera- 
tion and mitotie inhibition, but probably that these destructive processes are 
not marked enough at any one instant to be demonstrated by histologie study. 
Because of the prolonged effect of isotopic irradiation, a summation of con- 
tinued slight submicroscopie damage probably occurs which finally results in 
aplasia, decrease in size, and lowered production of cells by the marrow, sple 
nodes, and thymus. 

In order to evaluate the literature on the subject of histopathologie effect 
of irradiation on the tissues of leukemic patients, we have set up the follow) 
criteria based on our experience in this study. An adequate biopsy of 


organ in question must be available immediately prior to treatment, and 


ther serial biopsies should be available for comparison. Enough follow-up 
terial should be available to insure that any changes demonstrable are du 
treatment and not due to changes occurring as part of the natural histor: 
the disease. The tissues studied must be prepared by a technique which 
itself not inherently susceptible to extreme variations such as dry smea! 
sternal aspirations. The lesions must be fairly uniform and not spotty as 
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in some cases of multiple myeloma or metastatic carcinoma, and preferably 
should not differ from node to node as may occur in Hodgkin’s disease. 
Utilizing these criteria, we have been able to find a few papers in which 
irradiation has been proved to cause definite microscopic changes in the tissues 
of patients with lymphomas. Windholz'® irradiated the lower pole of the 
spleen of a patient with chronic myelogenous leukemia, the patient dying in 
fourteen hours. He noted degeneration of free cells, swelling of retieular 
cells, and decreased cellularity, and stressed the similarity of these findings to 
those seen after irradiation of normal spleni¢ tissue. Similar acute necrosis has 


18 


heen deseribed in Hodgkin’s disease,'® '* in lymphatie leukemia,’® and in myco- 


sis fungoides.*" *? In all these cases large doses of x-ray therapy directed 
through one portal were used and the changes were all produced within a few 
hours or at most two to three days after treatment and were not the result of 
continuous low intensity isotopic irradiation. There is agreement on three 
points as regards irradiation of neoplastie hematopoietic tissues: the cytotoxic 
effects are limited largely to within twenty-four hours after irradiation ; irra- 
diation does nothing to alter the basie nature of the disease process; and, there 
is no histologic evidence to prove that neoplastie cells are any more susceptible 
than normal cells. Certainly, the widely quoted statement originally made by 
Bergonié and Tribondeau,?? based on the most meager evidence, that rapidly 
dividing or immature cells are more susceptible to irradiation than more nor- 
mal eells has never received any experimental support as far as blood-forming 
tissues are concerned and has again been challenged.** ** In the present study 
there was no greater necrotizing or inhibitory effect of the As*® upon immature 
than mature cells. 

We are not aware of any studies on the effect of radioisotopes which meet 
the above criteria. However, a similar situation exists following nitrogen mus- 
tard and urethane therapy, both of which exert as diffuse but not as prolonged 
an effect as does As* or P.8* From a review of the literature, as well as from 
our own material,’® we have coneluded that nitrogen mustard induees slight de- 
generation or no demonstrable degeneration when used in therapeutie doses, a 
concept since corroborated,*” 77 although at median lethal doses in animals an 
intense necrotizing effect is readily demonstrable.** *8 A decreased cellularity 
is usually demonstrable in the skin lesions of mycosis fungoides following ther- 


30 


apeutie doses of nitrogen mustard.*® °° Similar results are achieved with the 
use of urethane in mycosis fungoides.*? 
It is therefore clear that the failure to demonstrate anything but the ineon- 
‘ent presence of a slight amount of cellular degeneration and aplasia in pa- 
ts receiving therapeutic doses of As*® and even in patients responding to 
treatment with remissions is not unique. In general, similar phenomena 
been encountered after treatment with nitrogen mustard, urethane, and in 
cases x-ray therapy. 
Perhaps even more fundamental are the characteristics common to all of 
these agents; that none change the basie nature of the histopathologic lesion ; 
thai all in median lethal doses are cytotoxic to the same cell types (small 


lym phoeytes, erythroblasts, myeloecytes, and megakaryocytes), inhibit mitoses 
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and, exeept in extremely high doses, spare the most fundamental cell in hema 
topoiesis, the reticular cell. Furthermore, when one considers the mechanism 
of regeneration, homoplastically from surviving susceptible cells and hetero 
plastically from reticular cells, as well as the fact that a specific destructive 
effect has never been demonstrated on malignant as contrasted to nonmalig 
nant hematopoietie cells or upon the reticular cell as opposed to more mature 
cells, one cannot help but agree with Bloom that it is extremely doubtful that 
irradiation or any similar technique will on theoretical grounds ever result in 
a cure of neoplasms of the hematopoietic tissues. There is no lack of elinical 


experience to support this viewpoint. 


CONCLUSIONS 


Emphasis is placed upon the necessity of well-controlled material to assay 


the histopathologic mechanisms of reaction to irradiation or chemotherapy, and 


in particular not to aseribe to treatment phenomena which are incidental or part 
of the natural history of the disease. 

At the level of irradiation dosage following injection of As‘ oceasionally 
evidence of cellular destruction, in some cases followed by decreased cellular 
itv, may be demonstrable. 

In general, there is either no evidence or insufficient evidence of ¢ytolysis 
or inhibition of cellular proliferation to account for the remissions produced. 
There is no evidence that immature rapidly dividing cells are more sensitive, 
or that irradiation by As‘ induces a right shift in benign or neoplastie hem: 
topoietic tissues. 

Review of the literature reveals similar experience with nitrogen mustard. 

The concept is presented that irradiation in particular and eytotoxie ther- 
apy in general will probably not achieve a cure of these diseases. 
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INTRODUCTION 





HIE finding of an accurate diagnostic test for thyroid function has long 
been a problem. The basal metabolic rate’ is not always a measure of 





thyroid function. The chemical method?’ of determining plasma protein-bound 
iodine is laborious and subject to error. Radioiodine is also used to measure 
in vivo gland 







8 


thyroid function by observing the rates of urinary exeretion® 





uptake®?? and the conversion of inorganie into plasma protein-bound radio 
iodine.'*1® All have added to the knowledge of thyroid physiology, but in each 






ease discriminating diagnostic information necessary for routine clinical use 





was incomplete either because of combined yariables'’ or because of partial 







application of the method. 
To achieve further discriminating diagnostic information, the erythrocyte 






plasma I! ratio'® as previously used in this laboratory has now been used for 





ealeulating the per cent of nondiffusible (organic) radioiodine of the plasma 





at two specific time intervals following the oral administration of inorganic 







radioiodine (I'*'). 
Maximum differentiation between apparent hyperthyroid and euthyroid 


’ 
} 


states was observed at twenty-four hours, whereas maximum differentiation of 






hypothyroid from euthyroid states is observed at seventy-two hours. 









MATERIALS AND METHODS 










This method was expanded by studying 40 patients referred by Medical Services for 


thyroid state evaluation who had clinical diagnoses of hypothyroidism or hyperthyroid 






which was based on the usual classical signs and symptoms as observed by changes in the 





of 


following: nervous state, eye, pulse, weight, gastrointestinal, and cardiovascular; size 


thyroid gland; condition of skin; tremor or its lack; anemia, ete. The laboratory criteri: 






used were basal metabolic rate, blood cholesterol, and protein-bound iodine. 





A euthyroidt group of 70 cases was also selected from those members of the hospita 





patient population who showed no symptoms or signs suggesting thyroid abnormality, due 





as 


regard being given to extrathyroid conditions which might alter thyroid function, such 






nonthyroid disease!9 or the ingestion of antithyroid medications or iodinated compounds? 





thyroid hormone.21 Included in this group were several cases of nontoxic colloid goiters 















PLASMA I'°! RATIO DETERMINATIONS 





ERYTHROCYTE 
Four hours after 100 to 150 we of 1131 by mouth, 5 ml. of heparinized bloor 


is drawn and centrifuged in 15 ml. tubes at 2,000 times gravity for thirty minutes. Su 









From the Radioisotope Unit, William A. Reilly, M.D., Director, Veterans Administr yn 
Hospital, Fort Miley, San Francisco. The opinions expressed are those of the author an 
not to be taken as reflecting any official views of the Veterans Administration. 
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*The radioiodine used in these studies was supplied by Oak Ridge National Labor ry 
on authorization from the Isotope Division, U. S. Atomic Energy Commission. 
*The term “euthyroid” designates those whose tissues at large receive the normal am: unt 






of hormone daily, irrespective of the anatomic state of the thyroid gland.%2 
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samples were taken after one, two, three, and four days in order to determine the intervals 
necessary for maximum discrimination of apparent thyroid state. Samples of red cells and 
plasma, 2 Gm. each, are transferred separately with 3 ml. Luer-Lok syringes with 18-gauge 
spinal needles to aluminum dishes (4 cm, diameter) and gamma activity measured wet by 
scintillation counting using a sodium iodide thallium activated crystal. Pulse height eutoff 
was raised until background (well shielded) was reduced to less than two counts per second. 
Net sample counts ran from 20 counts per second in four-hour samples to 0.1 count per 
second at four days. Counting efficiency was estimated at 8 per cent of total (47) disintegra- 
tions. 

The activity of the plasma includes inorganic iodide and organic iodine bound or not. 
Only the inorganic iodide (1131) enters the red cells. Water space differs in the two com- 
partments,2 and the equilibrium* which is rapidly attained24 is not 1:1 but 0.6 in red cells 
to 1.0 in plasma.18,25 With the passage of time, iodide is excreted, lowering the activity 
in both compartments and the thyroid builds new (1I131-labeled) thyroxine,26,27 which 
appears in the plasma but does not diffuse into the red cells. This has been also observed 
by other investigators,28-30 

Using the I151 activity of the red cells to estimate the iodide activity in the plasma, 
the over plus of plasma activity is obviously organic iodine. At any time, the plasma com- 
partment activity is the sum of diffusible [131 (presumably iodide ions) and nondiffusible 
(organic) 1151, The diffusible has an equilibrium ratio, red cells vs. plasma of 0.6. The 
per cent of nondiffusible radioiodine of the plasma was calculated on this basis (see Table I). 


TABLE I. R.B.C./PLASMA 1131 RATIO VS. PERCENTAGE OF NONDIFFUSIBLE PLASMA [131 


R.B.C./PLASMA [131 RATIO PERCENTAGE OF NONDIFFUSIBLE PLASMA [1381f 
0.6* : 
0.57 
0.54 
0.51 
48 
45 


24 

1 

0.18 

0.15 

0.12 

0.09 

0.06-0.03 90-95§ 

*Ratio value at which there was no nondiffusible I"! present. 
+See method for basis of these calculations. 


tLimits of centrifugal separation of blood leaving a slight contamination of the R.B.C. 
nondiffusible plasma TI?! 


§Corrected for estimated 2 per cent contamination of red cells with nondiffusible activity. 


RESULTS 


Table II summarizes the results from the red cell: plasma ratios and the ratios expressed 
| 


er cent of nondiffusible plasma radioiodine in 50 hyperthyroid patients, 70 euthyroid 
‘ets, and 10 hypothyroid patients. Note that the calculated per cent of nondiffusible 
na [131 increases very rapidly to over 90 per cent in many of the hyperthyroid cases and 
*This apparent radioiodide equilibrium between the R.B.C. and plasma was observed 
na few minutes following I. V. injection and within a few hours following oral ingestion 
dioiodide. 
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few days following the oral administration of inorganic I! 


little or no nondiffusible plasma [I 
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Attention called to Table IT. Maximu! 


separation of the hyperthyroid from the euthyroid state was observed at twenty-four hou 


is Fig. 1, a graphic presentation of 


now 
as range overlap between the two designated thyroid states was present before and followi 
twenty-four hours. Maximum discrimination between hypothyroid and euthyroid states 


not observed until seventy-two hours, when range overlap was finally eliminated. 


DISCUSSION 


The per cent of nondiffusible plasma 1151 calculated from the ratios of activities of red 


cells and plasma appears to differentiate hyperthyroid cases from euthyroid most dependably 
at twenty-four hours. By twenty-four hours the elevated metabolic rate of the hyperfunctior 
ing gland has practically converted all of the remaining blood iodide (1131) to organie I} 
in contrast, at this time, there is usually little or no release of organie [131 by the euthyr 
later is evidenced by 


hours euthyroid 


[131 


forty-eight function 
of J131, 


Maximum discrimination of hypothyroid from euthyroid function was not observed 


gland. However, by or 


continued conversion inorganic and release as organic 


seventy-two hours due to the variable release of organic 1%! by the euthyroid gland. 

about twenty per cent of the euthyroid cases the presence of nondiffusible plasma radioiod 
was not observed until seventy-two hours. However, the delay in this group of twenty 
cent appeared to be compensated by the fact that the amount of organie 1131 released 
the remaining euthyroid cases exhibiting uniform rel 
their total 


comparable to that shown by 


Colloid goiters also showed this delay to an even more marked degree ; release 
[1 


more davs. 


organie 


5 


in time appears to be within euthyroid limits but the delay also was at | 
three or 
It seems likely from the small series that this method is superior to gross thyroid uy 
for 


Furthermore, the absence of che: 


measurements and as accurate as the serum protein-bound method obtaining ro 


clinical information regarding apparent thyroid states. 


separations in this method eliminates additional variables thereby yielding results whic! 


more easily reproducible. 
One also feels that this method more fully reveals the condition of the thyro 


regard to its peculiar secretory function. 
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Since completing these studies, a well sodium iodide crystal counter* has improved the 
wet sample counting geometry so much that the net counting rates are three times as large. 
It was considered advisable to use this gain partly for increasing statistical significance, not 
reducing the dose given to the lowest level (10-20 wc) that will permit counting. With 
1) we doses using two gram samples the red cell:plasma activity ratio at seventy-two hours 
ean now be measured with presumptive probable error of less than 2 per cent if the samples 
and background are counted for about half an hour each. This seems to make the method 


more available for general clinical use. 


100 


DIFFERENTIATION OF HYPERTHYROID 
AND HYPOTHYROID STATES FROM 
EUTHYROID STATE. 
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Fig. 1.—The increase of the nondiffusible fraction of I! activity in plasma. 


SUMMARY 


1. A blood method is described which uses the determination of the red cell:plasma 
fst ratio for calculating the rate of formation of nondiffusible (organic) fraction of 1131 
in plasma under varied thyroid states following the oral administration of inorganic [131, 
2. Maximum differentiation of apparent hyperthyroid and euthyroid states was observed 
wenty-four hours, whereas maximum differentiation between the hypothyroid and euthyroid 
Ss was not observed until seventy-two hours following the ingestion of inorganic 1131, 
Acknowledgments.—The author is indebted to Dr. William A. Reilly, Director of this 
for the management of the clinical aspects of this work, and grateful acknowledgment 
so made to Mr. James N. Castle for his technical assistance. 
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RADIOACTIVE TODINE-LABELED FAT 


M. C. Horrman, M.D.* 
Boston, Mass. 


A METHOD of labeling fat with radioactive iodine has been devised for the 
purpose of studying changes in the absorption and distribution of fat in 
the body. The stable isotope, deuterium! and the radioisotopes of carbon? 
have been used to study the metabolism of fat. Radioactive iodine (I**) is 
particularly useful in labeling fat because it forms a chemically stable compound 
with unsaturated fatty acids, has a convenient half-life, and may be measured 
easily. 

Methods previously deseribed for the iodination of chemical compounds with 
radioactive iodine vary depending upon the objective, but have certain limita- 
tions. These methods employ (1) erystalline iodine® ®° (1!27 with I"), (2) sub- 
stitution of radioactive iodine for stable iodine,” * and (3) iodine monoehlo- 
ride®™? (Wijs’s solution). Wijs’s and Hubl’s solutions contribute not only 
stable iodide but an excess of chloride. In this case atoms of chlorine, stable 
iodine, and radioactive iodine compete with each other for addition to the 
double bond of the fatty aeid. In all three modifications gross amounts of 
iodine are necessary, and hence the products have low specifie activity since 
they contain large amounts of stable iodine as well as radioactive iodine. 

After the fat has been labeled with radioactive iodine, it is essential that 
any of the unreacted isotope, or that which is adsorbed, be completely removed 
so that all iodine which remains is chemically bound to the fat. Methods using 
silver precipitation and extraction with reducing solutions have been useful 
in removing unreacted radioactive iodine. 

In the method to be described, the unsaturated position in oleic acid has 
heen labeled with radioactive iodine in a earrier-free system. The unreacted 
radioactive iodine is then removed from the product. 


METHOD OF CHEMICAL PREPARATION OF LABELED FATTY ACID 


A solution of one to two millicuries of carrier-free sodium iodide (1151) dissolved in 
alf milliliter of distilled water is placed in a separatory funnel, and 100 ml. of ethyl 
(anhydrous) is stratified over it. Three to five drops of concentrated nitric acid is 
d to this closed system. It was desirable to use an oxidizing medium sufficiently strong 
onvert iodide to iodine, but sufficiently weak to avoid undesirable change in the fat. 
ximately 25 ml. of oleic acid is dissolved in the ether phase. Initially the mixture is 
ted and then allowed to stand overnight. The ether layer containing the fat is then 
‘1 four times with solutions of 10 per cent sodium thiosulfate, then four times with 


‘r cent potassium iodide, and finally twice with water. These multiple extractions re- 
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move the unreacted or absorbed radioactive iodine. The water extractions contain negligibl 
amounts of radioactive iodine; therefore all the iodine is in chemical combination with t] 
fat. The ether can then be removed and the labeled fat standardized against a radioactiy: 
iodine standard. The final product contains 40 to 50 per cent of the original radioactivit 


used. 
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Serum radioactivity curves illustrating the percentage uptake of labeled fat (I) 
ministered per cubic centimeter of serum. 


EXPERIMENTAL METHODS IN ANIMALS 


The stability of the iodine linkage and’ the distribution of the labeled fat were st 
in rabbits. The animals were maintained on a diet of Purina rabbit chow before and 
the experiments. Three rabbits weighing between 2 and 3 kilograms were given la 
oleic acid (approximately 2 ml.) containing 150 microcuries of iodine!51 by stomach 
Tween was given to increase the absorption of the fatty acid. Control observations 
made by giving three rabbits of similar weight doses of radioactive sodium iodide equi 
to that contained in the oleic acid. Blood was drawn from the animals at frequent int: 
to determine the rate of disappearance of the radioactivity from the blood, and at tli 
clusion of each experiment samples of tissues were obtained to observe the depositi 


the isotope in the labeled fat. Determinations of the radioactivity were made on du] 
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samples of dried serum and solutions containing the digested tissue. The results have been 


expressed as the per cent of the administered dose per milliliter of serum or per gram of tissue. 
RESULTS 

The distribution of the radioactivity in the blood of the two groups of ani- 

mals differed. Fig. 1 illustrates the disappearance of the radioactivity from 

the blood of animals administered labeled oleic acid. In these animals the 

radioactivity reached a maximum in six hours and remained high for an addi- 

tional four hours. The half-life of the labeled oleie acid in the blood was sixteen 
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2 Serum radioactivity curves illustrating the percentage uptake of radioactive iodine 
(1!) administered per cubic centimeter of serum. 
twenty-two hours. These curves contrast sharply with curves derived from 
nals given inorganic iodide™! (Fig. 2). One animal was given iodide"! by 
intravenous route; the rate of disappearance of radioactivity from the blood 
this animal was similar to that of animals administered the inorganie iodide 
‘ough a tube into the stomach. In the animals receiving the inorganie iodide 
re was a rapid rise in the radioactivity of the serum, reaching a peak at 
it two hours. In these animals the half-life of the radioactivity in the 
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serum was six to eight hours. The maximum concentration of serum radio 
activity of animals administered inorganic iodide™! was about twice as great 
as in animals given labeled oleic acid. 

The distribution of radioactivity of the liver and the fat depots differed 
in the two groups of animals, as is shown in Tables T and IT. 

Tables I and IT illustrate the per cent of administered dose per gram otf 
tissue found in the liver and the omental and perirenal fat depots at forty-eight 
hours. In the animals given inorganic iodide the accumulation in the tissues 
studied was negligible. In contrast animals given the labeled fat preparation 
possessed considerable radioactivity in the liver and fat depots. The high 


radioactivity in the liver probably represents the role that this organ plays in 


the utilization of fat. 


TABLE I. JopINE131 (MicrocurIES PER CENT OF DOSE PER GRAM TISSUI 


RABBIT I II Ill 

Liver 0.0009 0.0006 0.0010 
Omental fat 0.0005 0.0002 0.0002 
Perirenal fat 0.0004 0.0001 0.0003 


TABLE II. TopINE-LABELED Fat (MicrocuriES PER CENT OF DOSE PER GRAM TISSUI 


RABBIT I II III 
Liver 0.0089 0.0060 0.0061 
Omental fat 0.0042 O.0025 0.A039 
Perirenal fat 0.0021 0.0010 0.0019 


SUMMARY 


A method of labeling fat with radioactive iodine has been described. — In 
biological experiments the behavior and distribution of this labeled fat has 
indicated that the isotope-fat bond is stable. A distinet contrast was show 
between the distribution of inorganic iodide and iodine bound to fat. Th 
results compare favorably with the data presented by others on the distribution 
of fat labeled with other agents.’* 
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THE BONE MARROW IN METASTATIC MALIGNANT MELANOMA 


Kirst LIEUTENANT ARNO G. Moruusky,* MepicaL Corps, U. S. A. R., 
WASHINGTON, D. C., AND Rosert J. RouHN, M.D., INDIANAPOLIS, IND. 


| iii widespread utilization of diagnostic needle aspiration, there has bee: 
an increasing number of reports on metastatic tumors of the bone mar 
row.* & %%71%15 Conventionally the diagnosis of neoplasm has rested upon a 
study of histopathologic characteristics in stained sections of the tumor. 
More recently, however, under the stimulus of Papanicolaou’? pathologists 
have been making tentative diagnoses of malignancy upon detailed study of 
single or syncytial tumor cells obtained from organ aspirates or body seer 
tions. Although the diagnosis of tumor types on the basis of cytologic char 
acteristics will always be difficult, and in many cases impossible, some meta 
static tumor cells will exhibit features which may prove to be diagnostic for 
a given tumor type. 

In our experience with four cases, melanoma cells metastatie in the bone 
marrow stain quite satisfactorily with various hematologie stains and reveal 
fairly distinctive cytologic characteristics. Because of the infrequency of re 


1 24 ang 


ports on the marrow findings in metastatic malignant melanoma,” * 
because no previous reports have elaborated on the supravital staining char 
acteristics of these cells, it was thought that our observations might be of 
some interest. 

MATERIAL AND METHODS 


We have studied the bone marrow in eight cases of malignant melanoma proved 
be metastatic by biopsy or necropsy or both. In four of these eight cases tumor cells were 
found by marrow aspiration, Since our principal interest in this presentation is the ap 
pearance and significance of these pathologic cells, major emphasis will be centered on 


positive cases. The pertinent clinical features are briefly summarized. 


CASE HISTORIES 


CASE 1.—A 43-year-old white man was admitted to the male medical service of t! 
Ohio State University Hospital with many subcutaneous dark nodules, hepatomegaly, ‘ 
severe normochromic anemia. <A sternal marrow biopsy was performed with great d 
culty and only a drop of red aspirate was obtained. On microscopic examination, this 
consisted almost entirely of tumor cells which were present singly and in syncytial sheets. 
Most cells contained minimal to large amounts of pigmented granules which appeared 
most black on unstained, supravitally stained, and Wright stained preparations. e 


diagnosis of metastatic malignant melanoma was made and confirmed by necropsy tl 


e 
weeks later. 

Case 2.—A 46-year-old white woman was seen at the Indiana University Med 
Center with a collapsed vertebra. Seven months previously a pigmented mole in the 1 
scapular area had been fulgurated. When it recurred it was surgically excised and h 


logically diagnosed as malignant melanoma with little pigment. When it again recu 
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wide surgical excision with skin grafting was accomplished. The patient then began to 
note paresthesias and eventually paralysis of the lower extremities with some disturbance 
if sphincter control, X-rays revealed collapse of the third lumbar vertebral body. X-ray 
therapy was initiated but was stopped because of severe nausea and vomiting. She was 
admitted to the hospital complaining of severe back and left shoulder pain. Sternal mar- 
row aspiration yielded good fragments. On microscopic examination a scattering of tumor 
‘Ils were found. <A radiographic skeletal survey demonstrated widespread osteolytic 
lesions of the parietal skull, first left rib, clavicle, third lumbar vertebra, and the left 
iliac crest. The left iliac crest was punctured at the site of the osteolytic lesions. The 
hone was very fragile and the marrow cavity was entered with disturbing ease. A large 
quantity of aspirate was obtained with minimal effort. On microscopic examination, large 
numbers of vacuolated tumor cells, singly and in syncytial sheets, were seen. The great 
majority of these cells were nonpigmented and only rare scattered cells containing fine, 
sparse pigment granules could be found. Few normal marrow elements were observed 
in this specimen. The patient expired nine months later with widespread osteolytic le 


sions and severe pancytopenia. 


CASE 3.—This 23-year-old white man had a pigmented skin lesion removed from the 
right scapular area in another hospital. (It was learned only after death of the patient 
that the lesion had been diagnosed as malignant melanoma by the pathologist.) Six 
months later the patient developed severe lumbar backache, weight loss, fever, and pares 
thesias of the left leg. When seen at U. S. Army Hospital, Camp Atterbury, Ind., there 
was icterus, a left facial palsy, and marked tenderness over the sternum and spinous 
processes of the lumbar vertebrae. The liver was tender, nodular, and enlarged to the 
umbilicus. Roentgenograms revealed metastases in both lung fields, destructive lesions of 
he lumbar vertebrae, and diffuse metastatic infiltration of the sacrum. Sternal puncture 
was performed at the site of maximum tenderness in the lower sternum and yielded little 
marrow material which grossly appeared acellular. Microscopic examination revealed al- 
most complete absence of normal marrow constituents; however, many nonpigmented tu- 
mor cells, single and syncytial, as described below, were seen. The patient died nine days 
after admission. Necropsy revealed extensive spread of nonpigmented malignant mela 
noma to lungs, liver, spleen, lymph nodes, pancreas, pericardium, kidney, adrenal, and bone 

rrow, 


Case 4.—This 24-year-old white man, seen at U. 8S. Army Hospital, Camp Atterbury, 
had noted a small pigmented skin lesion at the left frontal region of the hair line for 
ut two years. He presented himself for medical attention after irritation by a helmet had 
uced further growth and slight bleeding. Satellite lesions were noted around the tumor. 
sion of a left postauricular lymph node revealed malignant melanoma with lymphatic 
stases. Many generalized black skin lesions developed within a few months. Roentgeno 
s demonstrated lymphangitic pulmonary metastases and destructive lesions of the cervi- 
ertebrae. A sternal marrow biopsy performed at the site of maximum tenderness near 
ourth costochondral junction two days before death yielded scanty red aspirate. 
scopic examination revealed diffuse infiltration with nonpigmented tumor cells as 
ibed below. No normal marrow cells were seen. On necropsy there were extensive 


stases to brain, lung, liver, spleen, skin, lymph nodes, and bone marrow. 


Three additional patients with proved lymph node metastases but no evi- 


deice of osseous involvement were examined by bone marrow aspiration. 


Neither tumor ecells nor pigmented reticuloendothelial cells could be recovered 


iy of these instances. Puncture was attempted in an additional patient 
ie site of a radiographically proved metastasis in the iliae erest. No 
aspirate was obtained, and subsequent sternal puncture was negative for tu- 
mor cells. The bone marrow preparations of the four patients without demon- 


Stra le tumor cells revealed increased plasma cells, and usually an inerease in 
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both erythrocytic and granulocytic precursors. These features were nonspe 
cific and were frequently seen in marrow aspirates of patients with a variety 


of metastatic tumors. 


CYTOLOGIC FEATURES OF MALIGNANT MELANOMA CELLS 


Except for the variable presence of pigment, the cells from our four posi 


tive cases had a similar appearance and compare well with the cytologie char- 
acteristics reported by other authors. However, no spindle-shaped cells: ‘ 
were seen. 

We have examined the appearance of these cells with Wright’s stain 
and with supravital stain employing neutral red and Janus green. All eriteria 
for the diagnosis of tumor cells in the bone marrow were encountered. 


Many 


Fig. 1.—Syncytium of nonpigmented malignant melanoma cells in bone marrow. (» 
All photomicrographs were obtained from Wright’s stained preparations. 

Figs. 2 and 3.—Syncytium of malignant melanoma cells containing large 
plasm. (X1000.) 


vacuoles i! 
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isolated round to oval cells as well as cell clumps were observed (Fig. 1). 
Nuclear strueture was bizarre, and many multinucleated cells were found 
(Figs. 4 and 5). Mitoses and occasional amitotie divisions were seen. The 
nuclei were usually large and frequently contained one to three nucleoli. The 
cytoplasmic border often was indistinet. Significant eytoplasmie vaecuoliza- 
tion was noted, which in some cells was present in the form of a lattice-like 


arrangement Of many small vacuoles in addition to larger (7 to 10 miera) 


vacuoles (I*igs. 2, 3, and 6). 
With Wright’s stain the cytoplasm appeared pale blue. Nuclear chroma- 
tin was distributed in a punctate and stippled manner which sometimes al- 


most assumed a checkerboard appearance. 


9 
ll 


Fig. 4.—Single malignant melanoma cell with bizarre nucleus. (<1000.) 

Fig. 5.—Multinucleated malignant melanoma cell. Note fine vacuolization of cytoplasm. 
00.) 

Fig. 6.—Malignant melanoma cell with fine vacuolization in cytoplasm. ( 1000.) 

Fig. 7.—Grossly pigmented malignant melanoma cell. Note pigment in tumor cell 
ts” and extracellularly. (x1000.) 

Figs. 8 and 9.—Pigmented tumor cells. (1000.) 
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On supravital stain (R. J. R.), the nuclei were pale and vesicular with 
very fine nuclear chromatin and a well-demareated round nuclear membran 
The cytoplasm was basophilic, containing many highly refraetile vacuoles as 
deseribed above. Mitochondria were few in number, small, round, and dis 
seminated diffusely throughout the eytoplasm. In pigmented tumor cells the 
pigment appeared to be present in round, irregularly sized vacuoles, which 
on standing became tan or brown or brownish black. This coloration seemed 
independent of dye employed and appeared on unstained slides and cove: 
slip preparations. Pigment could also be seen extracellularly. It was inte: 


esting that typical tumor cells were observed to phagoeytize pigment. They 


could be contrasted (in Case 1) with typical single oval-nucleated phagocytic 
macrophages in the same preparation and field. Typical pigmented tumor cells 
are shown in Figs. 7 to 9 (Wright’s stain). 


DISCUSSION 


Our experience with that of others’ bears out that a greater number of posi 
tive yields for metastatic cells will be obtained if the following three procedures 
are carried out. (1) Gentle systematic palpation and percussion of bones will 
at times elicit sharply localized tenderness. Introduction of the needle at the 
point of maximum tenderness is more likely to set the tip in a focus of metastatic 
tumor cells. For instance, sternal puncture in a case of suspected malignanes 
is not necessarily done at the usual location (between the second and third 
costochondral junction), but at the site of maximum tenderness on palpation 
(as in Cases 3 and 4). (2) Radiographic skeletal surveys may reveal localized 
osteolytic or osteoblastic lesions where ample numbers of tumor cells may be 
obtained, (3) At least six films of a given aspirate should carefully be ey 
amined before a bone marrow biopsy is reported negative for tumor cells. 
Special attention should be paid to the edges of the preparations where syn 
cytial sheets of tumor cells tend to aggregate. 

Various authors have reported single cases of malignant melanoma diag 
nosed by bone marrow puncture.® ®* '* Very recently two additional cases 
were published* which brings the total number of previously reported cases 
to 10. In three instances a grossly black aspirate was obtained.® * "4 Du- 
bois-Ferriere® reports on the bone marrow findings of four patients with 
metastati¢ melanoma. In two of these he observed melanin pigment in ‘he 
cytoplasm of marrow macrophages in the absence of actual tumor cells. In 
the remaining two patients both tumor cells and pigmented macrophages were 
seen in the marrow. Case 1 of our series showed similar findings. It is v1 
dent that cireulating melanin will be filtered by the reticuloendothelia! 
ments of the bone marrow giving rise to macrophages with ingested pign 
lor diagnostic purposes such a finding would be just as helpful for the « 
nosis of malignant melanoma as the actual demonstration of tumor cells s 
generalized dissemination of melanin by the blood stream always point 
metastatic malignant melanoma. However, other forms of pigmentation 
mimic the appearance of melanin. Macrophage pigmentation in malaria 
be dark black and possibly could cause confusion."! Though such cells s 
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have been demonstrated only in malarial spleen puncture material, they con- 
ceivably could be recovered from bone marrow aspirates. It is generally 
agreed, however, that malarial pigment is hematin-like and not melanin.* 
Ifemosiderin in rare cases’ *'* may appear as blackish pigment within retie- 
uloendothelial cells. Ordinarily, hemosiderin granules should not cause con- 
fusion since they usually stain in varying shades of green to blue by Wright’s 
and Giemsa’s stains. In unstained preparations hemosiderin appears tobacco 
yellow to brown. Definite characterization may be accomplished by the Prus- 
sian blue technique. Moesehlin'! deseribes azure-blue, fine, stippled pigmenta- 
tion in macrophages of bone marrow and spleen. The nature of the pigment 
is yet unknown. This has been observed in the marrow of a patient with pos- 
sible chronie malaria and in splenie puncture aspirate of another patient with 
idiopathic splenomegaly not associated with hemolytie anemia. 

Practically an absolute diagnosis of malignant melanoma can be made by 
hone marrow aspiration if the aspirate is grossly black, or if black granules are 
found in the cytoplasm of the characteristic tumor cells. In occasional eases 
extracellular pigment may be present also (Fig. 7). It is our feeling that the 
cytologic appearance of these cells, even in the absence of pigmentation, is 
fairly characteristic. These cells can be distinguished easily from the mucous 
containing metastatic tumor cells seen in many instances of bronchogenie car- 
cinoma, adenocarcinoma of the stomach, and carcinoma of the colon. Iyper- 
nephroma tumor cells often resemble early plasma cells which may give con- 
fusion with multiple myeloma, but should cause no difficulty in eytologie dif- 
ferentiation of malignant melanoma. Prostatic and breast ecareinoma tumor 
cells usually are quite undifferentiated. The marked vacuolization of some 
malignant melanoma cells may give superficial difficulties in differentiation 
from the ‘‘foam eells’’ of Hand-Schiiller-Christian and Niemann-Pick dis- 
ease. Any similarity is quite spurious, since the cytoplasm of true ‘‘foam 
cells’? is very large with complete replacement of normal eytoplasmie strue- 
ture by the pathologically stored lipid. It is our impression that further ex- 
perience with different tumor cells will help to delineate criteria making defi- 
nite diagnosis feasible in many instances. 

The majority of malignant melanomas metastasize first to lymph nodes 

only late in the disease is hematogenous dissemination evident. Though 

realized that malignant melanoma may metastasize widely, bone involve- 

t has not attracted much attention. A recent review on the topie,’® from 

x-ray point of view, arrives at a figure of 4.2 per cent bone involvement 

89 eases collected. The authors personally studied 83 cases and demon- 

ed metastatic bone lesions roentgenologically in nine of their patients 

‘ per cent). Of these 83 patients only 45 had been studied by x-rays and 
only 15 had eomplete skeletal survey. No characteristic x-ray appearance of 
malignant melanoma bone lesions could be demonstrated. The lesions resem- 


ble’ those seen in other osteolytie bony tumors. In all cases which were re- 


viewed as well as in their own series, the lesions were invariably osteolytie 
and there was no tendency to bony proliferation. The auxiliary value of bone 
marvow aspiration is not mentioned in any of these reports. 
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All our four cases had advanced metastatic disease and bone marrow 
puncture confirmed what was known clinically about these patients. Fo 
medicolegal reasons definite proof of malignant disease in a given patient is 
always desirable and sometimes necessary. Case 3 of our series presented such 
a problem on admission to the hospital which was solved by the finding of the 
positive bone marrow aspirate. It is apparent that demonstration of tumor 
cells would be of. greatest clinical importance when no other evidence of 
metastases exists. Thus in at least two reported cases” > malignant melanoma 
tumor cells were seen in the bone marrow many months before metastatic 
spread could otherwise be demonstrated. 

lor these reasons bone marrow puncture and radiographic skeletal sur 
vey is advised in all cases of malignant melanoma where extensive and muti 
lating surgery is contemplated. Demonstration of diffusely spread metastases 
by these procedures will then indicate to the physician the futility of any fur- 
ther operative procedures and will be of great diagnostie and prognostie sig 
nificance, 

SUMMARY 


1. Needle biopsy of the bone marrow was performed in eight patients 
with metastatic malignant melanoma. Tumor cells were found in four of 
these patients. 

2. Recent literature confirms that bone involvement in metastatie mela 
noma is more frequent than commonly appreciated. 

3. A grossly black marrow aspirate or the presence of black pigment in 
tumor cells of the marrow is diagnostic of metastatic malignant melanoma. 

4. Even in the absence of pigment, tumor cells of the marrow in malig- 
nant melanoma have a rather characteristic cytologic appearance which may 


prove to be diagnostic. 


5. Marrow puncture at the point of maximal bony tenderness or at sites 


of radiographically proved metastases will vield a larger number of marrow 
aspirates with demonstrable tumor cells. 

6. Bone marrow biopsy and radiographic skeletal survey to rule out os- 
seous metastases should be performed on all patients with malignant mela 
noma before radical mutilating surgery is contemplated. 


REFERENCES 


. Akeroyd, Lt. Col. J. H., MSC.: Personal communication, 
2. Battle, J. D., and Stasney, J.: Malignant Melanoma Cells in the Bone Marrow, At 
Path. 31: 631, 1940. 
Boyd, M. F.: Vol. II, Malariology, Philadelphia, 1949, W. B. Saunders Company, p. 9 
Brueggemann, W., and Soestmeyer, Th.: Die Bedeutung der Sternalpunktion fir 
Diagnostik boesartiger Geschwuelste, Klin. Wehnschr. 28: 189, 1950. 
Dubois-Ferriere, H.: Bone Marrow in Malignant Melanoma (La moelle osseuse dans 
melanome malin), Helvet. Med. Acta 13: 319, 1946. 
3. Durkee, W. R., and Wilson, 8. J.: Bone Marrow Biopsy, an Aid in the Diagnosis 
Metastatic Malignancy, J. Kansas M. Soc. 52: 361, 1951. 
. Francke, E.: Cytologischer Nachweis Von Tumorzellen in Mark Punktaten, Zts« 
f. klin. Med. 140: 622, 1942. 
Franklin, J. W., Zavala, D. C., and Radcliffe, C. E.: The Detection of Malignant M« 
noma by Bone Marrow Aspiration, Blood 7: 924, 1952. 





roo 


BONE MARROW IN METASTATIC MALIGNANT MELANOMA Joe 


. Johnsson, U., and Rundles, R. W.: Tumor Metastases in Bone Marrow, Blood 6: 16, 
1951. 

Lanier, P. F.: Sternal Marrow in Patients with Metastatic Cancer, Arch. Int. Med. 
84: 891, 1949. 

Moeschlin, S.: Spleen Puncture, New York, 1951, Grune and Stratton, p. 24. 

Papanicolaou, G. N.: Diagnostic Value of Exfoliated Cells from Cancerous Tissues, 
J. As Mi. A. ISh? Siz, 1946. 

Rohr, K.: Das menschliche Knochenmark, Stuttgart, 1949, Ed. 2, Georg Thieme Verlag, 
p. 64. 

Rubinstein, M. A.: Malignant Melanoma Diagnosed by Marrow Aspiration, Acta 
Hemat. 2: 234, 1949. 


5. Weisberger, A., and Heinle, R.: Study of Fixed Tissue Sections of Sternal Bone Mar. 


row Obtained by Needle Aspiration. III. Metastatie Carcinoma in Sternal Bone 
Marrow, Am. J. M. Se. 217: 263, 1949. 

Wilner, E., and Breckenridge, R.: Bone Metastases in Malignant Melanoma, Am. J. 
Roentgenol, 62: 388, 1949. 





THE INFLUENCE OF ROENTGEN RAYS UPON THE DEVELOPMENT 
OF THE MOUSE BY LOCAL IRRADIATION OF SOME PARTS 
OF THE BODY 


V. V. Brunst, Sc.D., anp FRANK H. J. Ficer, Pu.D. 
BALTIMORE, Mp. 


INTRODUCTION 


UMEROUS authors have investigated the effeets of local irradiation upon 

the growth and development of treated parts of the mammalian bod) 
Forsterling’ irradiated the limbs and head of very young dogs, rabbits, and 
goats with x-rays. Observations were made over a long period of time (sever 
and one-half months), but the animals were not investigated histologically. 
Furthermore, none of the old papers stated the amount of irradiation which 
was used. Exact methods for the measurement of irradiation and the interna- 
tional unit of x-ray irradiation (1) were established much later. Some authors 
made histologic studies of locally treated parts of mammals (HHinkel*; Barr, 
Lingley, and Gall®; and others), but they used comparatively old animals at 


ages of 30, 90, and 180 days, and observed these animals for a comparativel) 


short period of time (two months) after treatment. Regen and Wilkins® made 


observations during an eight-month period and made some histolog@ie slides, but 
they used 25-day-old rabbits and gave no interpretation of the histologie piec- 
tures, which were themselves not too clear. 

The purpose of the present work was to investigate the effects of localize: 
x-ray treatment of voung mice. The head and a narrow band between the for 


and hind limbs were the regions irradiated. 


MATERIAL AND METHODS 


Four hundred ninety-two mice of, the C,, (black) strain were used. In the first ¢ 
of 47 mice, the heads were irradiated with 3,000 r (mortality : 20). The seeond 
included 359 animals in which a narrow band midway between the fore and hind 
was irradiated. In this second group 11 mice were irradiated with 3,000 r (mortality 
1S mice were irradiated with 3,400 r (mortality : 0) and 330 mice with 4,000 r (mortal 
182). Eighty-six mice served as untreated controls. Most of the mice of the second 

121 mice) were irradiated at the age of 1 to 2 days, and 103 were treated at the 
3 to 4 days. Sixty-five mice were irradiated at the age of 5 to 6 days, and 70 mice re 
their localized radiation at ages ranging from 7 to 25 days (see Fig. 1, 4 and Fig. 

It was necessary to use a large number of animals because irradiation of such 4 
nursing mice resulted in a high mortality. This was especially great when they were 1 
days old, and gradually decreased with age, Fig. 3) 

The conditions of irradiation were as follows: 55 kv. max., 3 Ma., no filter; the t: 
object distance was 12 em. The small mice were immobilized during treatment by meai 
strips of adhesive tape. For irradiation of the lumbar portion of the body, animals 
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Fig. 1.—A, Two-day-old mouse on the day of irradiation. B, A mouse nineteen days 
In this mouse, there was 


irradiation of the middle portion of the body with 3,400 r. 
ete paralysis of body caudal to the irradiated area. CC, An experimental mouse (left) 


days after irradiation of the head with 3,000 r and a control mouse (right) from the 
litter (dorsal aspect). D, Two experimental mice nine days after irradiation of the 
with 3,000 r and a control mouse (right) from the same litter (dorsal aspect). 


le views of the same animals. 
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shielded with a 4 mm. lead cover with a localizer slit 4 mm. in width. A special cover was 
used during the irradiation of heads. It consisted of a lead sheet 4 mm. in thickness with 
a hole 3 em. in diameter at its center, forming the opening of a well with walls of lead. 
Openings at the bottom of this well permitted heads to be introduced into the enclosure for 
irradiation. The beam of x-rays was directed vertically down into the well. Four or five 
mice could be treated simultaneously with this apparatus. 

After irradiation, the animals were observed and photographed. In some cases, motion 
pictures were taken. The experimental mice were under observation for many months and, 
in some cases, for more than one year. Animals were fixed at various times from five days 
to more than one year after irradiation. The fixations were made by means of a saturated 
solution of bichloride of mereury with 5 per cent acetic acid and Zenker with acetic acid. 
The fixed material was embedded in paraffin, and sections were made at 10 microns. The 
sections were stained with Ehrlich’s hematoxylin and eosin. In many eases, photomicrographs 
were made of parts of sections. 

RESULTS 

A. Some Effects of X-rays Upon the Development of the Head.—It was 
found that the 3000 r dose’to the region of the head is lethal for the voung 
mouse. As early as seven days after treatment, suppression of the development 
of the irradiated region was evident. After irradiation of the head, we have 
observed not only local but general effects of irradiation as well. Not only was 
head growth suppressed, but there was slight but definite growth suppression 
of the entire body. This is evident in a comparison of such experimental ani- 
mals with their controls (Fig. 1, D and £). In some of these treated animals 
this difference is especially noticeable in the limbs (Fig. 1, C). Baermann and 
Linsen’ similarly observed a general effect after local irradiation of the head. 
These authors think that the cause of this is the influence of disintegration 
products which are formed in cells damaged by irradiation. Aceording to 
Forsterling,’? it is possible to partially inhibit the general growth of the body 
in dogs and rabbits by irradiating only the head. Demel® irradiated only the 
head in 4-day-old dogs and observed a clear suppression of growth of the entire 
body. It should be mentioned here that irradiation of the head always involves 
irradiation of the hypophysis, and the general inhibition of growth may be 
related to the effect of irradiation on this growth-regulating gland. 

Nine days after treatment, a definite disturbance of brain function was 
manifested in disturbances of movement. The irradiated mouse fell over upon 
its back and made oceasional convulsive movements with the limbs. After a few 
seconds, the animal was able to stand up, but after some minutes the same plie- 
nomenon was repeated. These paroxysms were observed in nearly all of 1! 
mice whose heads were irradiated. <A similar phenomenon has been describ 
by Demel,® who observed that 4-day-old dogs exhibited disturbances in walking 
and fell occasionally seven weeks after irradiation. In our experiments, abou 
nine to ten days after treatment animals in the irradiated group began to 
in great numbers, and the few which remained were fixed. 

The paroxysms which have been described show that certain parts of 
brain, or closely associated structures, suffered real damage, but no histolog 
evidence of this was found. 

More definite alterations were observed in other tissues. Nine days a 
treatment, endochondral ossification in head cartilage was inhibited, and 
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Fig. 2.—A and B, Nonnarcotized 17-day-old mouse with 
e age of 2 days. C, Comparison of 16-day-old 

nouse from the same litter without paralysis (right) irradiated at age of 1 day. 
rtilage in the irradiated part of the head. WH, Sagittal section through the retina of the 
f£ control animal which is the same age as the animal in F. P, pigment layer; 
ds and cones layer; N, outer nuclear layer; P.L., outer plexiform layer; J.N., inner 
ir layer. (Photomicrograph X280.) F, Sagittal section through the retina of the eye 
animal seven days after irradiation with 3,000 r. P., pigment layer; D.A., area in 
rods and cones layer disappear; N, reduced outer nuclear layer; P.L., outer plexiform 
I.N., reduced inner nuclear layer. (Photomicrograph xX 280.) 


complete paralysis irradiated 
mouse with complete paralysis (left) 
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multiplication of cartilage cells was arrested. Cartilage with suppressed de 


velopment showed some signs of abnormality. Many cells died, leaving only 
an empty cavity to mark their positions. The nuclei of many other cells had 
a pyknotie appearance, and the cytoplasm contained large vacuoles. It is ev 
dent that this tissue is undergoing a process of degeneration (Fig. 2, D). 

Definite alterations were observed in the eves of treated animals. Clea: 
evidence of damage was observed only in the retinas of treated eves in which 
the laver of rods and cones completely disappeared, and the outer and inne: 
nuclear layers were greatly reduced in thickness (Fig. 2, FE and F). Much 
has been published on the effects of x-rays on the eve, but this sensitivity o1 
the retina has been described only in a few papers (for review of older litera 
ture see: Desjarkins,? Warren'’). Rugh!'! deseribed a disarrangement of the 
retinal cells in Amblystoma opacum after irradiation with 15,000 r and ‘‘sig 
nificant changes in the retina’’ of irradiated squid.'? In the irradiated eyes of 
2-day-old rats, degeneration appears only in the ‘‘undifferentiated layers of the 
retina” (Spear'®). Abelsdorff (see: Warren'®) reported the disappearance of 
the laver of rods and cones after injecting into the eve an amount of thorium-X 
equivalent to 0.1 mg. or more of radium bromide. 

The retina is probably one of the most sensitive parts of young organisms 
to x-ray irradiation (Kosaka'). Our observations about sensitivity to irradia- 
tion of the retina of voung mice confirmed the data of Lorenz and Dunn'® who 
showed that after irradiation of newborn mice with 400 r the layer of rods and 
cones disappeared in the retina. 

b. The Effect of X-ray Irradiation of the Part of the Body between the 
Fore and Hind Limbs.—In some instances roentgen-paralysis was observed fo! 
lowing irradiation of a narrow band midway between the fore and hind limbs. 
For example, in a litter of mice examined nineteen days after treatment with 
3,400 r at the age of 4 days, some of the mice showed temporary disturbances of 
movements. In such mice, after a period in which normal movements were o))- 
served, there suddenly occurred a partial paralysis of the hind limbs. This 
paralysis disappeared after several seconds. After a time, the paralysis was 
observed again. This statement may be termed a ‘‘temporary paralysis’’ and 
is the first sign of the permanent paralysis which eventually follows. Thi 
days after treatment, some mice in this litter showed a permanent paralysis of 
the hind limbs, hind part of the body, and the tail. If 2-day-old mice 
irradiated, permanent paraivsis may be observed as early as nineteen « 
after treatment with 3,400 r (Fig. 1, B). The paralyzed mice erept about 
using the fore limbs only (Fig. 2, A and B). Paralysis was not complete 11 


eases. In some animals, only one hind limb was paralyzed; in others the par 
sis was incomplete, and occasional movements of limbs or tail could be observ: 
It is noteworthy that only some mice were paralyzed, while the others 
normal movements and sensitivity. A possible explanation of this is 
paralysis was observed only in animals which were irradiated exactly in 
region of the motor neurons controlling the hind limbs. The photograp! 
treated mice with paralysis and without paralysis (Fig. 2, () show thai 
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mice without paralysis were irradiated in a more rostral or in a more caudal 
region than the mice which were paralyzed completely. It is interesting to 
note that paralysis, when it oceurred, was always observed fifteen to thirty days 
after irradiation. 

Histologic examination showed that, in most cases, the appearance of the 
spinal cord of the irradiated mouse with complete paralysis is normal and ean- 
not be distinguished from the spinal cord of a control mouse. Obviously, the 
damage occurs only in some cells of the spinal cord, and such damage is very 
diffieult to establish by usual histologic examination. 


% 
100 + nimweenmsrwweys 6 WwW Ss 


——*—— MORTALITY (%) 


aiepnisatniey PARTIAL OR COMPLETE 
PARALYSIS (%) 


—-—- COMPLETE PARALYSIS (%) 





x 
—e, 4 
\ 
"9 "3s 4°85 '°64( ©6'O ' 2S DAY 


Fig. 3.—Comparison of effects of local roentgen irradiation of part of the bodies (mid- 





between the fore and hind limbs) of mice of various ages. Figures above are numbers 
radiated animals of one age. Figures at abscissae are ages of animals in days. Ordi- 
per cent of animals. 

Even in the cases where the damage of the spinal cord is evident it is diffi- 
euli to tell what is the primary cause of this destruction. It is possible that 
the damage to the cord is secondary to irradiation damage of blood vessels or 
skel:ion. In the x-ray picture of an irradiated mouse with complete paralysis, 
the ‘reated region was easily distinguished because the vertebral column in this 
region. was especially thin (obviously a result of growth suppression). The 
proiounced eurvature of the vertebral column in the treated region was evi- 
dent » a result of the weakness of the affected portion of the column and its 
inal ‘ity to withstand muscular forces exerted upon it. It is very possible in 
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this case that primary damage was observed in the vertebral column and that 


the destruction of the spinal cord is secondary to the suppression of growth and 
partial resorption of the vertebral column. 

It is noteworthy that in some animals the complete paralysis caudal to thi 
irradiated regions was observed in spite of the facet that the irradiation was not 
made in the lumbar region but in the chest region (Fig. 1, B). Obviously, in 
these cases, the complete interruption of the spinal cord in the irradiated region 
provokes secondary changes which involve the function of the motor neurons 
in the lumbar region and, as a result of this, complete paralysis occurs. 

It is interesting that in animals with complete destruction of the spinal 
eord in the irradiated region, the cord in the untreated region is normal in 
appearance. It was found that the caudal part of the spinal cord, although 
isolated for a long period of time from the more cranial parts of the central 
nervous system by the damaged area of the cord, was alive and had a norma! 
appearance. In spite of this, changes not easily detected must have occurred. 
The same observation was deseribed in the axolotl (amphibia, Siredon mexi- 
eanum; Brunst'®). Here, the caudal portion of the spinal cord, completely iso- 
lated from the other parts of the central nervous system, remained alive and 
had a histologic structure which appeared normal. 

Some of the paralyzed mice can survive for a very long period of time. For 
example, a paralyzed mouse was fixed for histologic investigation ten months 
following irradiation of the middle portion of the body with 3,400 r. Investiga- 
tion disclosed that the spinal cord of this animal was completely destroyed in 
the treated region. It is to be emphasized that the treated animal, in spite 
of its paralysis and destruction of spinal cord in the treated region, was alle 
to live so long. Obviously the digestive organs, ete., continued to function well 
enough to support the life of this animal. The spinal cord and vertebral column 
of the treated region were the only parts to show distinct damage as the result 
of irradiation. In addition to these deeper effects, there was noted only a tempo- 
rary suppression of their growth and a change from the normal hair color to 
gray. 

Irradiation of mice of various ages shows that paralysis is observed in so! 
eases after roentgen irradiation of mice at the ages of 1 to 4 days, but 1 
observed following irradiation of mice 5 to 25 days old (Fig. 3). The ch 
in x-ray sensitivity of spinal cord occurs approximately between four and 
postpartum days. Our observations are in accord with the data of othe 
vestigators who have shown that the embryonic nervous system is extr 
sensitive to x-ravs (Kosaka,'* Mogilnitsky and Podljasehuk,'? Gladston 
Colwell,?® Scholz,?° Rugh,’" ** °°?! and others) and that nervous systen 
adult animals are very resistant, (Warren,’® Bloom,”? and others). 

Several other authors have deseribed some paralytic symptoms, con\ 
movements, and small disturbances of locomotion in irradiated mammals 
and Bertin-Sans,?* Krukenberg,?* Walter?’ Brunner,?® and Gabriel* 
complete paralysis as a result of roentgen irradiation in mammals was nh 
scribed. Such type of paralysis was described as a result of local irrad 





ROENTGEN RAYS AND DEVELOPMENT OF MOUSE BY LOCAL IRRADIATION +1 


of the middle portion of the body of a young axolotl (Urodele Amphibia, see 
Brunst’®). 
SUMMARY 

In the first group of 47 mice the heads of 1- to 2-day-old mice were irra- 
diated with 3,000 te 4,000 r. As early as seven days after treatment, suppression 
of the development,of the treated region was evident. Not only head develop- 
ment was suppressed, but there was definite growth inhibition of the entire 
hody. <A definite disturbance of brain function was manifested in disturbances 
of movement. No histologic evidence of this was found. In eves of treated 
heads some lavers of retinas (rods and cones layer) disappeared. 

In the second group of 359 animals, the narrow band between the fore and 
hind limbs was irradiated with 3,000 to 4,000 r. A paralysis was never observed 
following roentgen irradiation of mice at the ages of 5 to 25 days. But after 
irradiation of mice 1 to 4 days old, paralysis was seen in some cases. This 
paralysis was observed usually in animals which were irradiated exactly in the 
region of the motor neurons controlling the hind limbs. 

Histologic examination showed that in most cases the appearance of the 
spinal cord of the paralyzed mice is normal. Obviously, the damage occurs only 
in some cells of the spinal cord and is very difficult to detect by usual histologic 
examination. But in some animals complete destruction of the spinal cord in 
the treated region was observed. It is very possible that in some cases the pri- 
ary damage was observed in the vertebral column and that the destruction 


of the spinal cord is secondary to the suppression of growth and partial resorp- 
tion of the vertebral column. 
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THE MECHANISM OF THE EFFECT OF CHANGES IN BLOOD 
OSMOTIC PRESSURE ON THE CEREBROSPINAL FLUID PRESSURE 
Hexry W. Ryper, M.D., Frank F. Espey, M.D., Fartss D. KimpBeii, M.D., 

Lr. (JG) Ernest J. PENKA, M. C., U.S.N.,* ApoLr RoseNAvrErR, M.D.,** 

Boris Popoutsky, PH.D.,*** aAnp JOSEPH P. Evans, M.D. 
CINCINNATI, OHIO 
WITH THE TECHNICAL ASSISTANCE OF Doris LAMB, B.S., EpyrTHE BarNeEs, B.A., 
JOAN JACKSON, M.S., AND WILLIAM BrROsENE, B.S.S 


HE net seepage of fluid into or out of the craniospinal space is rapidly 

induced in all men by modifying the craniospinal blood volume.’ We are 
reporting that changes in the osmotic pressure of the blood also induce net 
seepage and modify the craniospinal blood volume and the cerebrospinal fluid 
pressure by a similar mechanism. 


MATERIALS AND METHODS 


The materials and methods have been described.2 Most of the patients studied had 
had recent head injuries (Table I). Included were all conscious patients on whom pressure 
volume curvest were obtained during the months of May and June, 1951. 


OBSERVATIONS 


When a patient is given water to drink, the pressure of the cerebrospinal 
fluid rises gradually, reaching a peak in about twenty minutes (Fig. 1). The 
greater the initial pressure is, the higher is the rise. The increase in pressure 


is so slight when the initial pressure is within the normal range, as to be ex- 


ceeded frequently by other procedures that induce changes in the fluid pressure, 
such as coughing or straining. A basie question is whether the individuals with 
the greater pressor response have a pathologie mechanism for their reaction. 
The answer will be approached by determining whether both the rise in pressure 
and its disproportionality may be explained by a mechanism common to all men. 
Consider the hypothesis that each man has a shift of water into the cranio- 
ial extravascular fluid spaces as a result of the unbalancing of the hydrostatic 
osmotie equilibrium across the walls of the craniospinal capillaries; that 
is consequent to the dilution of the blood following the ingestion of water; 
that this fluid shift is the factor inducing the pressor response. We have 
red that, whenever fluid is added to the craniospinal fluid spaces, the effect 
e fluid pressure depends on the craniospinal blood volume at the time of 
ldition of the fluid; the smaller this initial blood volume is, the greater is 
essor response to its further diminution.* If this inference is accepted, 
wee the Department of Surgery, Division of Neurosurgery, University of Cincinnati College 
S investigation was financed by a grant from the Department of the Army. 
ceived for publication, Sept. 10, 1952. 
signed by the Department of the Navy to the University of Cincinnati. 
‘ellow of the Rockefeller Foundation. 


Consultant physicist. 
search Engineer, Lederle Laboratories. 
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the change in craniospinal blood volume in milliliters that is associated with a 
particular change in cerebrospinal fluid pressure in millimeters of water may 
he determined empirically for any man.* Therefore, we may express the in 
erease in pressure that follows the ingestion of water in terms of milliliters of 
water added to the eraniospinal extravascular fluid compartments, since this is 
the negative of the decrease in craniospinal blood volume associated with the 
observed rise in pressure. This is the first step in the solution of the problem; 
we may infer by this technique how much water passes across the craniospinal 
capillary walls as a result of drinking water. This quantity is designated by y. 

We may test experimentally whether the rise in pressure is due to the shift 
of amounts of water dependent upon the volume of water drunk by determining 
the craniospinal pressure-volume curve for each man and the individual's pres 
sor response to the ingestion of water, and expressing the pressor response in 
terms of the negative of the computed changes in vascular volume; such data 
is presented in the table. 

A particular form of equation is specified as a first approximation in order 
to make the volume change zero when no water is ingested, in order to separate 
into two independent components the effect of the initial pressure and other 
factors on the volume response, and in order to make the effect depend linearly 
on the variables. This enables the hypothesis which we are considering to be 


symbolized in such a form that it can be tested quantitatively : 


¢ = w (A’ + B’ Ppg°) (1) 


where Y expected volume of net seepage induced by the procedure, 

on the basis of formula (1), assumed to represent y, 

Ww = liters of water given by mouth, 

Pp = initial cerebrospinal fluid pressure, 

A’,B’ constants, the regression coefficients, determined by the 
data, 

7. = (Vp! — Vp”) = (Vx’ Vs°) —(Vz” — Vz"), 

Vr -volume of craniospinal intravascular blood, and the dif- 


ferences in volumes indicate the craniospinal vascular 
volume referred to the volume at the point of inflection 
of the pressure-volume curve at the start of the proce- 
dure, Vz’ — V,°, and approximately at the time of the 
peak response, Vz” — Vp°, which was taken to be twenty 
minutes after the fluid was ingested. These relative 
volumes are determined from the individual pressure- 
volume curves, the parameters of which are not presented. 


Substitution of the data e@iven in the table give for the regression coefficients 
the followine values: 
A’ 45,’* = 5.7 +15, tt — 3.86, Pt = .01 — .001 
8, t = 1.77, P = 0.1 


B’ + sp’ = - .14 + 
The regression coefficient B’ is not statistically signifieant; of the ‘otal 
variance, the 7.7 per cent accounted for by the diversity in the initial press ires 
is small, and a variance component of this degree would be exceeded by ¢) ance 





*Standard error of the regression coefficient. 
7“Student’s” t (1). 
tProbability of the chance occurrence of such a high regression coefficient. 
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Fig. 1.—The lumbar subarachnoid fluid pressure, Pi, and the pressure in a lateral ventri- 
cle, Py, are recorded in millimeters of water. The brachial arterial pressure, Pa, is recorded in 
millimeters of mercury. The tracings are from the record of a 30-year-old man whose cerebro- 
spinal fluid pressure was averaging 400 millimeters of water two days after a head injury and 
the evacuation of a subdural hematoma. The continuously recorded pressures in the lumbar 
and ventricular fluid spaces and the brachial artery are shown for a period of forty minutes. 
All three pressures gradually rose in this case, with the lumbar and ventricular pressures doub- 
ling twenty to thirty minutes after the ingestion of one and one-half liters of water. 
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The tracing follows thirty minutes after Fig. 1. The fluid pressures dropped during 
and just following the administration of glucose. 
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not infrequently. On the other hand the volume response is signifieantly de 
pendent upon the amount of water ingested. Since the effect of the initia 
pressure is not statistically significant we may neglect it. We are then testing 
the hypothesis 


Y = A” w (2) 


We find 


A” = 3.40 + .73, 5% F.L.* = 1.80, 4.98 





From this analysis we may conclude that when water is ingested the re 
sultant increase in cerebrospinal fluid pressure is due to the net seepage o| 
water into the craniospinal extravascular compartments, and the limits of this 
net seepage for 19 of 20 men is between two and five milliliters per liter of 
water drunk. This effect accounts for GO per cent of the observed variance in 
the craniospinal vascular volume at the height of the effect. 

The hypothesis may be subject to a more definitive test if we measure thi 
effect of inducing an opposite change in the osmotic pressure of the blood 
Suppose we induce a transient increase in the blood osmotie pressure by in 
jecting hypertonic glucose intravenously, and estimate its effect by an analogous 
equation : 


Y=A’’’+ B’P,?® (3) 


This equation is in a simpler form than equation (1) beeause each man was 
viven the same amount of glucose. 

Substitution of the data in the table gives for the mean drop in eraniospinal 
fluid volume and the dependence of the drop on the initial pressure : 


died 4.0 + 2.7, t = 1.47, P =.20 - .10, and 
YY ee 05 + 13. + — .36. P Bh. 7) 


Neither of these effects is statistically significant. If we make an alternative 
assumption that any apparent association between the extent of the drop and 
the initial pressure was not real, we are testing the hypothesis 


Y A nner (4) 
We find 


Al??? oe 3.2 + 1.3, t = 2.52, P = .02 


We may conclude from these analyses that giving 50 milliliters of 50 per 
cent glucose intravenously did not have much of an effect, although on ‘hie 
average it caused about 3 milliliters of fluid to seep out of the extravasc\iar 
craniospinal space (Fig. 2). This accounted for 380 per cent of the obse ed 
variance in the eraniospinal vascular volume after glucose was administered. 
The effect was maximal] five to ten minutes after the glucose was administe: ed. 
but, as with water, the effect on fluid transfer was the same for each n, 
except for random variation, no matter what was the initial pressure or ‘lie 
condition from which the patient was suffering. 


*5 per cent fiducial limits, which are the limits between which the regression co¢ ent 
lies, 95 per cent of the time. 
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DISCUSSION 


We have developed a technique of measuring indirectly the net amount of 
water that seeps across the walls of the craniospinal capillaries as a result of 
modifying the osmotic pressure of the blood. Using this method, we have found 
it unnecessary to assume that the difference in the pressor responses of men 
with normal and high initial pressures of the cerebrospinal fluid is due to an 
exaggeration of a normal mechanism, or to distinct processes. This last infer- 
ence might be suggested from the observations of Fremont-Smith and Merritt 
who noted no significant effect on the cerebrospinal fluid pressure of induced 

changes in the blood osmotie pressure, when the fluid pressure was normal (2 
. The evidence presented is in favor of the hypothesis that every man has a net 
shift of water into or out of the craniospinal extravascular fluid spaces as a result 
of unbalancing the hydrostatie and osmotic equilibrium across the walls of the 
craniospinal capillaries, and that this fluid shift leads to the observed change 
in cerebrospinal fluid pressure. The transfer of water is essentially independent 
of either the cerebrospinal fluid pressure or the condition from which the patient 
is suffering. 

It should be noted that the observed pressure responses could be aeeounted 
for equally well by an induced change in cerebral blood flow.” Since the effect 
can be explained without assuming that the procedures necessarily involved any 
change in flow, and since no changes in the svstemi¢ arterial or venous pressures 
is or pulses occurred, we have not made this unnecessary assumption, 


CONCLUSIONS 


1. A technique is described for measuring indirectly the net amount of 
water that seeps across the walls of the craniospinal capillaries as a result of 





moditving the osmotie pressure of the blood. 

2. Observations of the response of the cerebrospinal fluid pressure to the 
ingestion of water and to the intravenous administration of hypertonic g¢lu- 
cose are in accord with the hypothesis that every man has a net shift of water 
into or out of the craniospinal extravascular fluid spaces as a result of unbal- 
ancing the Starling equilibrium across the: walls of the craniospinal capillaries. 
This shift of water leads to the observed change in fluid pressure. 


.. The net transfer of water is independent of either the cerebrospinal 
flu pressure or the condition from which the patient is suffering. 
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CROSS-RESISTANCE IN STAPHYLOCOCCL AND THE EFFECT OF 
COMBINATIONS OF ANTIBLOTICS ON RESISTANT STRAINS 
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HERE have been many reports of the isolation of increasing numbers ot 
penicillin-resistant staphylococci, particularly from = patients in hospital 
wards.’ It is of interest to the clinician to know to what antibiotics these 






organisms are susceptible. To determine the incidence of penicillin-resistant 






staphylococci in the patients admitted to Colorado General Hospital, and to 





what antibiotics they might be susceptible, all the staphylococci isolated by the 





diagnostic laboratory during a given period were tested by the dise method for 





susceptibility to aureomyein,t chloramphenicol,} penicillin, streptomycin, and 





terramycin. 
Because many of the staphylococci were resistant to two or more of the 
* the effeet of combinations of 









five antibiotics tested, as well as to bacitraecin,** 





the six was determined on one penicillin-sensitive and seven penicillin-resistant 





strains. The penicillin-resistant strains were also resistant or only moderately 
























sensitive to the other five antibiotics. 


Part [. DETERMINATION OF SUSCEPTIBILITY TO Five ANTIBIOTICS BY THI 
Disc Merrion. 


EXPERIMENTAL METHODS 
Organisms.—All strains were tested for their ability to coagulate plasma. This test 
is generally considered to be the most closely correlated with pathogenicity. One hundred 
7 


coagulase-positive and 73 coagulase-negative staphylococci were isolated from the following 
8 } s g : g 





sources: 


Coagulase-positive Coagulase-negative 

? Nose 13 Nose 37 
Pus 19 Throat 24 
Urine 11 Feces 5 
Ear D Urine 3 
Pleural fluid o 3ronchus l 
Hip sinus 3 Urethra ] 
Blood 2 Khar ] 
Sputum 2 Cervix l 
Kye 2 
Trachea 2 
Throat 2 
Feces Z 
Skin l 
Uleer l 
Cervix l 
Neck wound ] 
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Determination of Sensitivitics.—Sensitivities were determined by the method described 
by Bondi and associates1° and Spaulding.11 Dises of blotting paper were impregnated with 
the antibiotics, dried, and stored over CaCl, until used. The concentrations used were as 


follows: 


Penicillin 15 w/mil. 
Streptomycin 500 we /mi. 
Chloramphenicol 700 ug/ml. 
Terramycin 500 we /mil. 
Aureomycin 500 we /mi, 
Bacitracin 75 p/m). 


Blood agar plates were inoculated evenly with a swab which had been rubbed over a twenty- 
four-hour blood agar culture of the organism to be tested. The plates were incubated at 
37° C., and the zone of inhibition around the discs measured twenty-four hours later. As 
a check against loss of activity by the antibiotic dises, a susceptible strain of S. aureus was 
tested concurrently with each group of strains of unknown sensitivity. At no time was any 
loss of activity observed. Representative strains were tested by serially diluting the anti- 
biotics in 1 ml. of tryptose phosphate broth and inoculating with a 1-1,000 dilution of a 
twenty-four-hour culture. The concentration just inhibiting growth in twenty-four hours at 
17° was determined, and the following criteria for resistance established. 
CONCENTRATION REQUIRED BY THE 
TUBE DILUTION METHOD TO 
INHIBIT GROWTH 
greater than 


Penicillin—zone less than 10 mm. 1 w/ml. 
Streptomycin—zone less than 10 mm. 25 ug/ml. 
Aureomycin—zone less than 8 mm. 5 wg/ml. 
Chloramphenicol—zone less than 10 mm. 10 ug/ml. 
Terramycin—zone less than 8 mm. 5 ug/ml. 


RESULTS AND DISCUSSION 


Table I shows the percentage of coagulase-positive and coagulase-negative 
staphylococci that were resistant to the antibioties studied. A high pereentage 
76 per cent and 82 per cent) of both types were found to be penicillin-resistant. 


LE I, PERCENTAGE OF COAGULASE-POSITIVE AND COAGULASE-NEGATIVE STAPHYLOCOCCI 
RESISTANT TO ANTIBIOTICS STUDIED 


3 COAGULASE-NEGATIVE 


‘ 


100 COAGULASE-POSITIVE | 





STRAINS | STRAINS 
RESISTANT TO NUMBER PER CENT NUMBER PER CENT 
P illin 76 76 <3 60 82 
Streptomycin 37 37 rit § 37 
Aureomyein 2] 21 26 35.5 
( ramphenicol Ss 8 29 39.7 
| (mycin 29 29 25 34.2 
\ ntibioties 4 4 17 23.2 


tirty-seven per cent of the coagulase-positive organisms were resistant to 
Sti ptomyein, 21 per cent to aureomyein, and 29 per cent to terramyein. Only 


8 cent were resistant to chloramphenicol, and 4 per cent to all the antibioties. 
( ilase-positive staphylococci, isolated from patients in this hospital, are 


mo’ often susceptible to chloramphenicol by this method of determining sen- 
Sit! ity than to any of the other four antibiotics. Furthermore, one of the 
ani ioties would be expected to be effective for all but a small per cent of the 
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strains. It is fortunate that the coagulase-negative staphylococci are considered 





to be of less importance in disease production, since 380 per cent of those examined 





were resistant to all five antibioties. 












Table II points out the considerable amount of cross-resistance in_ thi 





coagulase-positive strains. Nearly all of those strains resistant to streptomyein, 






aureomyein, chloramphenicol, and terramyein were also resistant to penicillin 
















te 





CROSS-RESISTANCE OF COAGULASE-POSITIVE AND NEGATIVE STAPHYLOCOCCI 





TABLI 





PERCENTAGE RESISTANT TO 










PENI STREP AUREO CHLORAM- | TERRA- 
CILLIN TOMYCIN MYCIN PHENICOL MYCIN 















STRAINS COAG + COAG COAG + COAG —| COAG +/COAG COAG +| COAG COAG + COAC 
Penicillin-resistant . 44.7 72.0 27.6 43.3 10.5 48.3 38.1 40.0 
Streptomycin-resistant 100.0 96.5 13.3 43.2 74.0 10.8 74.0 54.0 66.6 
Aureomycin-resistant 100.0 100.0 76.1 - 19.0 96.1 95.2 76.9 
Chloramphenicol-resistant 87.5 100.0 50.0 76.9 50.0 86.2 - 62.5 79.3 






Terramycin-resistant 100.0 96.0 68.9 — 68.9 68.9 80.0 17.2 92.0 ~ 










Of the penicillin-resistant strains, more were resistant to streptomycin, while a 


smaller percentage were resistant to terramycin, aureomycin, and chlorampheni 





col in that order. Spink® has reported finding a number of coagulase-positive 






staphylococei which were resistant to both penicillin and streptomyein, and 


























Rountree reports similar findings.'? Goeke and Finland’ did not observe peni 





t cillin resistance in strains which developed resistance to aureomycin, chlor 

: amphenicol, or terramyein. 

Several investigators have observed simultaneous development of resistance 
to chloramphenicol, aureomycin, and terramycin, when bacteria were exposed to 
any one of the three antibioties.4"'® Aureomyecin and terramyein were more 
closely related in this respect than was chloramphenicol, when tested with gran 

' positive cocci. Table IT shows 95.2 per cent of the aureomycin-resistant strains 


to be resistant to terramyein, but only 19 per cent to be resistant to chloran 
phenicol. Of the terramycin-resistant strains, 68.9 per cent were also resistant 





to aureomycin, but only 17.2 per cent were resistant to chloramphenicol. Aureo 
mvein and terramyein were more likely to show cross-resistance with one 
other than with chloramphenicol. However, over 50 per cent of the chlor 
phenicol-resistant strains were resistant to both aureomyein and terramyci 

Essentially the same relationships in crossresistance were seen with ‘he 
coagulase-negative staphylococci. The only noticeable difference was the near!) 
complete cross-resistance between all three of the antibioties—aureom) 
chloramphenicol, and terramyecin. 


Parr Il. Tue Errects or COMBINATIONS OF ANTIBIOTICS ON RESISTA 
STAPHYLOCOCCI. 


EXPERIMENTAL METHODS 


Organisms.—Five strains of coagulase-positive staphylococc: and two strains of 4 
ulase-negative staphylococci which had been isolated from patients admitted to Co 
General Hospital were obtained in pure culture from the microbiology department’s diagr <t1¢ 


laboratory. The eighth strain was penicillin-sensitive, and was obtained from St d 
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University. On primary isolation the seven organisms were resistant to one or more of the 
six antibiotics used, as determined by the dise sensitivity method. The source of each strain 
and its coagulase and mannitol fermentation reactions, as well as its sensitivities to the anti 
biotics, are shown in Table III. 

Determination of Sensitivities.—The sensitivities of each of the eight strains of staphy 
locoeci were redetermined by the dise method. Preliminary experiments indicated that the 
zone of inhibition was not changed by using tryptose phosphate agar instead of blood agar 
In order to standardize the size of the inoculum, a 1 to 10,000 dilution of a twenty four hour 
broth culture of the test organism was made in tryptose phosphate agar, which was cooled to 
10° to 50° C. Five milliliters of this inoculated liquid agar was poured onto a solidified 
tryptose phosphate agar plate. While inoculum size did not appear to influence the size of 
the zones with the other five antibiotics, penicillin made larger zones with some organisms 
when the inoculum was decreased, and these zone sizes correlated better with sensitivities 
determined by the tube dilution method. Six-millimeter dises of blotting paper were sterilized 
and impregnated with the concentrations of antibiotics given in Part I of this paper. The 
sizes of the zones of inhibitions were measured after twenty-four hours incubation, and _ the 
sensitivity of each strain recorded as follows: 

Size of Zone in Millimeters 
Resistant Moderately sensitive Sensitive 
Penicillin < 10 10-15 > 15 

Streptomycin < 10 10-15 »15 

Chloramphenicol <10 10-20 »20 

Terramycin <8 8-15 >15 

Aureomycin <8 8-15 mH 1S 


Bacitracin <8 8-12 >12 


Minimum inhibiting concentrations (MIC) were determined by serially diluting each 
antibiotic in 1 ml. of tryptose phosphate broth. Each tube was inoculated with one drop of 
a 1 to 1,000 dilution of a six-hour culture. The tubes were read after twenty-four hours in- 
cubation at 37° C. The lowest concentration of antibiotic showing no visible growth was 
designated the MIC. 

To determine the combined effect of two antibiotics on each strain, all of 
six antibiotics were paired in every possible combination. One MIC of each of the 
antibiotics being tested was mixed in a test tube. This was serially diluted to give 


following concentrations: 


Tube number ] 2 3 1 
Antibiotic X 1 MIC VY, MIC 1, MIC 1% MIC 
Antibiotie Y 1 MIC 14, MIC 1, MIC 1, MIC 


If there was growth in tube 1, the effeet was classified as ‘‘antagonistic’’; if no growt! 
in tube 1, as ‘‘no effect’’; if no growth in tube 2, as ‘fadditive’’; and no growth in ti 
3 or 4, as ‘synergistic. ’’ 

All tests were performed in duplicate, and the MIC of each antibiotic in the pai 
redetermined at the same time. The method is essentially that of Romansky,!7 and 
mittedly misses some combinations of concentrations which might show antagonism, s3 
gism, or an additive effect. It tests the bacteriostatic effect of the combinations and not 
bactericidal, as Jawetz and his group18 have done in their antagonism experiments. I! 
ever, we believe that some useful information may be gained from such tests, and the 


nique is such that it can be performed in a diagnostic laboratory where time is limited. 


RESULTS AND DISCUSSION 


Determination of Sensitivity by Both Tube Dilution and Disc Meth 
The eight strains of staphylococci chosen for this study were tested for s 
tivity by one of us (K.C.) when the organism was first isolated from the pat 
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Sensitivity tests were again performed by the methods outlined 
Table III shows that all of those strains 


(Part I). 
above in the experimental procedures. 
originally chosen for their resistance to penicillin, and one or more of the other 
antibiotics, were with one exception either resistant or only moderately sensi- 
tive to penicillin by both dise and serial dilution method. All were resistant, 
also, to one or more of the other five antibiotics tested. It is of interest to note 
that these eight strains of staphylococci, with but few exceptions, showed the 
same sensitivity by the tube dilution method as they did by the dise method 
using concentrations of antibiotics recommended by Bondi and associates'® and 
Spaulding.’! The only differences found between the results of the two meth- 
ods were in the greater resistances reported to penicillin, when a heavy inocu- 
lum was used. This is very likely due to greater production of penicillinase by 
the larger inoculum, and may actually represent clinical conditions better than 
do the results with smaller inocula. 

Effect of Combinations of Antibiotics.—Fifteen paired combinations of anti- 
bioties were used against the eight strains of staphylococci, making a total of 
120 tests. 


The results of these tests are shown in Table IV. The sixteen com- 


VARIOUS EFFECTS OF COMBINATIONS Six ANTIBIOTICS 


STRAINS OF STAPHYLOCOCCI 


IV. SUMMARY OF THE OF 


ON EIGHT 


TABLE 


ADDITIVE | SYNERGISTIC ANTAGONISTIC 
strain numbers 
Pen./Strepto. : 2,17, 3, 4 
Pen./Chloram. ae 8 ,o. 
Pen./Terra, 
Pen./Aureo. 
Pen./Baci. 
Strepto./Chloram. 
Strepto./Terra. 
St repto. /Aureo. 
Strepto./Baci. 
Chloram./Terra. 
Chloram./Aureo. 
Chloram./Baci, 
Terra./Aureo. 
Terra./Baci. 
\ureo. 


COMBINATION NO EFFECT 


a 6 


ASrwock 


’ 
t, 
2, 
5 

i, 
1, 
2 


e779 
G 
») 7 
a, é 


29 


,aci, 3. ¢ 





) 
j 
(43.56 (24.2%) 38 (31.79 1 (O.8%) 


Jo) 





Stanford 
10931 
{0926 
{NRR3 


Organism 


40902 
41087 
41157 
41417 


binations displayed no effect on 43.3 per cent of the strains tested; an additive 

‘ton 24.2 per cent; a synergistic effect on 31.7 per cent; and an antagonistic 

t only once on one organism, or 0.8 per cent. These results show that it 
id be difficult to predict whether any combination would be effective against 
rtieular resistant strain of staphylococci. This is in aceord with the ob- 
The effects of combinations of 
ble that no particular pair could be chosen as one which would be likely 


itions of others.?%-?° antibiotics were so 
Va 
to either synergistic or antagonistic. 

't was found, however, that penicillin 
effective, synergistically or additively, more of the strains than 


‘ther combination. Other investigators have also noted the synergistic 


and streptomycin in combination 
we against 


an. 













MIYAHARA, CARIKER, AND CLAPPER 





D6 





and additive effects of the penicillin-streptomyein combination. Klein’ and 
Kimmelman*! noted that low concentrations of penicillin and streptomycin wer 
highly effective in inhibiting the multiplication of a strain of staphylococci 
Kolmer®” reported the synergistic effect of this antibiotic combination on an 
thrax infection of mice. Nichols?? employed penicillin and streptomyein mix 
tures to inhibit the growth of strains of staphylococci and hemolytie streptococci 








and noted the synergistic action of the combination. Bigger®* demonstrated 





‘‘marked synergism’? with penicillin and streptomycin when used against 
Escherichia coli; and Jawetz and Cunnison** against Streptococcus faecalis 


Bliss and associates’? also reported on the synergistic activity of this combina 







tion against strains of staphylococci. 


Synergistic action toward four or more of the eight strains was shown with 





combinations of penicillin and aureomyein, streptomycin and aureomycin, strep 






tomyein and bacitracin, and terramycin and bacitracin. Only one example of 





antagonism was found in all of the combinations with all organisms. This was 






with streptomycin and chloramphenicol. Sinee additive, synergistic, or no 






effect was observed in nearly every case, it would appear from this in vitro 
evidence that-the treatment of resistant staphylococci infections with eombina- 
Such a 







tions of antibiotics would be more likely to be helpful than harmful. 





view seems tenable in the light of such investigations as those of Waisbren 
and Ahern and Kirby,?® in which exeellent clinical response has followed the 
determination of effective bacteriostatic combinations by the tube dilution 








; method. However, it should be pointed out that, although the concentrations 
. needed to inhibit growth in the synergistic combinations used in this study were 


less than when used alone, they were not always as low as attainable blood levels. 





It is only when an additive or a synergistic combination is made up of concen- 
trations attainable in the blood that the clinician could feel justified in using 
it with the hope of any therapeutic value. 

Some strains of staphylococei were apparently more susceptible to combined 








antibiotic action than others. Synergistic effects occurred most often with 
highly resistant strains of staphylococci. Organisms 40883 and 40902, which 






were comparatively highly resistant to most of the antibiotics (ef. Table III. 





were found to be most susceptible to combined antibiotic action (synergism in 
9 and 11 eases, respectively), while the Stanford strain (the *‘sensitive’’ strain 







of staphylococci) was least susceptible of all the strains to the aetion of com- 






bination of antibiotics. The concentrations necessary to inhibit growth in these 






synergistic combinations were often still quite high. 
] 


A study of the number of eases in which each antibiotic played a role in 
synergistic and additive combinations shows that streptomycin was one of 









pair in eighteen synergistic combinations, but other than that no single : 






biotic was involved in significantly more combinations than any other. Chlo1 





phenicol was one of a synergistic pair less often than any of the other antibi 






SUMMARY 










A high percentage of penicillin-resistant coagulase-positive and coagl 
negative strains of staphyloecoeei were found in cultures from patients in | 





CROSS-RESISTANCE IN STAPHYLOCOCCI 


rado General Hospital. Resistance to aureomyein, chloramphenicol, strepto- 
myein, and terramycin was almost always accompanied by resistance to peni- 
cillin; and cross-resistance was seen between terramycin and aureomyein, but 
much less between these antibiotics and chloramphenicol. More strains were 
sensitive to chloramphenicol than to any other antibiotic. 


Each of seven strains of penicillin-resistant, and one penicillin-sensitive 


staphylococcus differed in its susceptibility to combinations of aureomycin, baci- 


traein, chloramphenicol, penicillin, streptomycin, and terramycin. This indicates 
that each strain must be tested to determine the most effective combination for 
preventing growth. The combination of penicillin and streptomyein acted addi- 
tively or synergistically against more strains than any other combination. The 
only combination to show antagonism was streptomycin and chloramphenicol, 
and this was shown with only one strain. Streptomycin was one of a synergistic 
pair more often, and chloramphenicol less often, than any of the other anti- 
bioties. Synergistic combinations were found more often with the highly re- 
sistant strains, but the concentrations required to inhibit growth were still often 


very high. 
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THE EFFECT OF A BACTERIAL PYROGEN UPON THE 
EXPERIMENTAL CARDIOVASCULAR AND RENAL 
LESIONS OF ANAPHYLACTIC 
HYPERSENSITIVITY 
IvAN L. BENNETT, JR., M.D., Lucren B. Guze, M.D., AND ELIZABETH ROBERTS 
NEW HAVEN, Conn., AND Emory UNIveErsItTy, Ga, 


ACCINES and other pyrogenic bacterial substances have been used for 

many years in the treatment of various diseases’! and, in many instances, 
the beneficial effect of this form of therapy is well established. There has been 
a recent revival of interest in the use of pyrogens for the amelioration of symp- 
toms due to hypersensitivity. Swineford? reviewed the use of bacterial sub- 
stances in the treatment of bronchial asthma and concluded that they had proved 
to be useful in the management of this disease. Randolph and Tollins® obtained 
good results in controlling the clinical manifestations of allergy with pyrogens, 
and suggested that the beneficial effects might be due to stimulation of the 
pituitary-adrenal system. Wittich* and Zindler® have also reported favorable 
therapeutie results in the form of symptomatic relief in allergie patients given 
Piromen, a Pseudomonas concentrate. Samter, however, in a carefully eon- 
trolled study,’ could detect no difference in the response of allergic patients to 
Piromen and a placebo. In animal experiments, Samter found evidence of in- 
ereased antibody formation in guinea pigs treated with pyrogens and similar 
enhancement of antibody titers by pyrogen administration has been reported 


hy others.® § 

On the basis of histologie findings in animals given pyrogens,‘'” '' as well 

as certain similarities between the clinical response to fever therapy and the 

“alarm reaction,’’!?!* it has been postulated that pyrogens may exert a bene- 

ficial effect through adrenocorticotropie activity. Although Mitchell and Stuart" 

concluded that the leukocyte changes after pyrogen administration are de- 

pendent upon adrenal activity, Soylemezoglu and Wells'®'° have presented 

good evidence that some mechanism other than adrenal stimulation is responsible 

for these hematologic effects. Altsehule’’ found evidence of only transient 
renal stimulation in the course of fever therapy with typhoid vaccine. 

The present investigation was undertaken to determine the effect of py- 

en treatment upon the development of histologic changes in rabbits sub- 

ed to the serum sickness type of protracted anaphylactic reaction.’* These 

ns consist of arteritis, carditis, and glomerulonephritis.1°** Treatment with 

“H+ 2 or cortisone?® 27 has been shown to inhibit strikingly the develop- 

of these lesions. If pyrogen administration results in some ACTH-like 


1, one might expect a lessened tendency to develop these histologic changes. 


‘rom the Departments of Internal Medicine of Yale University School of Medicine, and 
University School of Medicine. 
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METHODS 





MATERIALS AND 
















Sixty white male rabbits averaging 2 kilograms were used. Each animal was give: 
2 


normal horse serum* intravenously in a dose of 10 ml. per kilogram as recommended by Riv 
Animals sul 





and Gregory.18 The horse serum was given as a single intravenous injection. 





jected to this procedure develop circulating antibodies at a time when residual antigen can b 






demonstrated in the blood. Immediately after injection of the horse serum, 30 animals wer 





g per milliliter of Piroment intravenousl\ 





given 2.0 ml, of a suspension containing 50 4 





Piromen is a concentrate of pyrogenic material from a Pseudomonas species, the preparation 
of which has been described.6 The injection of 100 ug of this material in a normal rabbit 


a temperature rise of 2.5 to 3.5° F., this fever lasting for six to eight how 










is followed by 
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Typical temperature responses of normal rabbits to injection of 100 wg of concentrat 
from Pseudomonas 




















Fig 
















The remaining 50 rabbits received 2.0 ml. of 0.9 per cent NaCl solution intra 






(Fig. 1 
venously. The saline solutions used for control injections were tested at regular inte 






in rabbits and were always pyrogen-free. Daily injections of pyrogen or saline were con 





tinued for fourteen days. 





Blood was obtained for precipitin tests at three-day intervals after horse serum injec 100 
and before animals were sacrificed on the fifteenth day. Serial dilutions of horse serum were 






layered over undiluted rabbit serum in capillary tubes which were placed upright in a 





layer of modeling clay. After standing at room temperature for eighteen hours, the 







were read with a hand lens using indirect light against a dark background. The last 








Kindly supplied by Sharpe and Dohme, Inc., Broad and Wallace Streets, Philadelphi 
by Baxter Laboratories, Inc., Morton Grove, Ill. 
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in which a white ring of precipitate was visible at the interface was taken as the end point. 
Serums collected on the fifteenth day were tested for the presence of residual antigen by 
ising anti-horse rabbit serum which yielded a heavy ring with horse serum diluted 1:52,000. 
On the fourteenth day after horse serum injection, all animals were given 0.1 ml. of un 
diluted horse serum intradermally in the flank to test for hypersensitivity. Skin reactions 
were examined and measured on the fifteenth day immediately before sacrificing the animals, 
On the fifteenth day all animals were sacrificed by intravenous injection of Nembutal. 
\t autopsy the thymus and both adrenals were dissected free and weighed. Blocks of heart, 
lung, liver, spleen, pancreas, both kidneys, adrenal, testis, skeletal muscle, and skin test site 
‘re taken for histologic study. Zenker-formol fixation was used, and sections were stained 


th hematoxylin and eosin. 
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Distribution of precipitin titers in rabbits fifteen days after injection of 10 ml. per 
kilogram of horse serum. 





RESULTS 

The incidence of cardiovascular and renal lesions in the two groups was 
ely comparable. Frank periarteritis nodosa occurred in 15 pyrogen-treated 
als (50 per cent) and 12 controls (40 per cent). Endocarditis was present 
of the treated group (33 per cent) and 12 of the saline controls (40 per 
The incidence of acute glomerulonephritis was 483 per cent in animals 
pyrogen and 40 per cent in the untreated group. These lesions differed 
way from those which have been deseribed previously as resulting from 


vlactie sensitization of this type.’ 

Likewise, serum antibody titrations and shin tests revealed no essential 
diffe ences in the two groups. Fig. 2 depicts only the results of precipitin tests 
pert rmed on serums obtained on the fifteenth day; while there is a slight 
tendcney for the levels in the pyrogen-treated group to be higher than the con- 
trols ‘he difference is not impressive. There was no difference in time of appear- 
ance of precipitins during the sensitization period as determined by tests on 
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serums obtained at three-day intervals, and the results of these earlier tests ar 
not listed. The presence of residual horse serum was demonstrated in all serums 
on the fifteenth day. The size and appearance of the Arthus reactions at the skin 
test sites in the two groups were entirely comparable and could not be interpreted 
as indicating any significant effect of pyrogen treatment upon this reaction 
(Table I). Histologically, the skin lesions from the two groups were indis 
tinguishable. 


TABLE TI. SKIN REACTIONS TWENTY-FOUR Hours AFTER INTRACUTANEOUS INJECTION 0} 
0.1 ML. OF HorRSE SERUM IN SENSITIZED RABBITS 


PIROMEN-TREATED SALINE CONTROLS 
RABBIT RABBIT 
NO. EDEMA HMEMORRITAGE NO, EDEMA HWEMORRITAGE 
1 2.0 3.0 em. io x 10 31 1.0 x 1.0 em. 0) 
0 x 3.5 0 32 S20 ¥ 0 
Ue aes» 0 33 3.0: x 32 LO x 2.0 
5f 0 3 A ae F 0 
0 petechiae 
0 petechiae 
0 0 
0 0 
0 
0 
chiae 
0 
0 
1.0 x 1.0 
0 
0 
petechiae 
0 
0 
0 
0 
2 0 
23 0 
24 2 x oO: petechiae 
25 0 


26 a x oa 0 
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5.0 
27 a x £2 1.0 x 1.0 ; 2.0 
28 20 x 3: 5 yi 
29 3.0 x 3.5 5s 4.0 
30 Ey x as ae x O05 60 2.0 
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Average 30 x 3. Average 2.9 


Table Il compares the weights of adrenals and thymus glands in the 
groups of animals. Animals given Piromen showed no evidence of the adreni 
hypertrophy or thymie atrophy characteristic of rabbits given ACTH.*! 
The spleens of animals in each group showed spread of lymphoid tissue int: 
pulp and peri-Malpighian body lymphoid hyperplasia of the type deseribe 
Rich, Lewis, and Wintrobe*® in animals given foreign protein parenterally. 
evidence of modification of the process was noted in pyrogen-treated anil 
Inhibition of this ‘‘acute splenic tumor’’ has been observed in sensitized ra 
given ACTH** * or cortisone.2° There was no detectable difference in glye 
or fat distribution in the livers of the two groups of animals. ACTH 
produces an increase in these substances in the hepatic cells and cortison 
duces a striking increase in hepatic glycogen.**-*" 
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TABLE II. Bopy WEIGHT AND WEIGHT OF ADRENALS AND THYMUS OF PIROMEN-TREATED AND 
CONTROL ANIMALS AT AUTOPSY 


PIROMEN-TREATED SALINE CONTROLS 
BODY WT. ADRENALS THYMUS | | BODY WT. ADRENALS THYMUS 
RABBIT (GM.) (GM.) (GM. ) RABBIT (GM.) (GM.) (GM. ) 
2,220 0.32 : 2,150 0.20 9.62 
2,140 0.27 1,920 0.22 3.81 
2175 25 2,100 24 2.84 
2,000 28 2,250 27 2.09 
1,920 19 
2,120 Bo 
2,520 20 
2,050 21 
2,290 13 
1.860 .14 
1,965 16 
2,250 ol 
2.030 mi f 
2,045 0.26 
2 380 Bey s 
2.230 23 
2,055 16 
2,150 06 
2,185 .20 
.24 
16 
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1,890 oy 1l.o0 
1,930 TS ay 
1,975 1 90 
2 150 
2 050 
2 300 
2,495 
2,530 
2,120 
2,050 
2,210 
2,090 
2,505 
1,890 


Co 29 Oho 2m DS So 
Toon | 


». 
19 
.20 26 
19 .24 


22 : D8 2,0 19 


mee Poe Io fo Coro CO POO fo tO Col eT 
. o “sto bot 


oo 


26 3 2.14: 22 

30 1,950 0.23 os 2 0.24 
Range 1,685-2,380 0.14-0.36 1.08-4.99 1,790-2,610 0.15-0.32 0.9-4.1 
Mean 2,114 0.231 2.84 2.166 0.222 2.81 


Last, the adrenals of pyrogen-treated animals showed no depletion of 
cortical lipoid; indeed the histologic appearance of the glands from both groups 
of rabbits was the same. Loss of cortical lipoid after stimulation by ACTH 
Was pointed out by Sayers and Sayers” as a characteristic change and has been 
observed in sensitized rabbits given ACTH.2* 2° 

DISCUSSION 

The ineidence of cardiovascular lesions and glomerulonephritis in the ani- 
mals given Piromen justifies the conclusion that this material, in the dosage 
em} ioyved, exerted no inhibitory effect upon serum disease in rabbits. Because 
ACTH has been shown to be very effective in decreasing the incidence of these 
lesions in anaphylactieally sensitized animals, this investigation furnishes no 
support for the idea that bacterial pyrogens exert an ACTH-like action. The 
absence of other morphologic changes known to result from administration of 


ACT iT to sensitized rabbits is further evidence against significant adrenal stimu- 


latioi, by the pyrogen. 


here was no clear-cut evidence of stimulation of antibody formation such 
as Si uart noted.’ Likewise, the absence of significant differences in skin re- 
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actions to horse serum in the two groups is in contrast to the enhancement o 
the Arthus phenomenon reported by Stuart. However, Stuart’s animals wer 
not sensitized by a single injection of a large amount of antigen which would 
result in the presence of residual circulating antigen at the time of testing 
Furthermore, Stuart’s animals received a much smaller dose of pyrogen thar 
did those in the present study. Within limits, the severity of the Arthus 1 
action is proportional to antibody titers and, as previously mentioned, at the 
time the animals were skin-tested in this study, the titers were essentially th 
Same. 
SUMMARY 
Of 60 rabbits sensitized with horse serum, 30 were given 14 daily injections 
of a pyrogenie Pseudomonas concentrate, the remainder serving as controls. At 
autopsy, no difference in the incidence of cardiovascular and renal lesions was 
found in the two PLYOUDPSs. There were no impressive differences in precipitin 
titers or skin reactions to horse serum in pyrogen-treated and control animals 

It is coneluded that, in the dosage used in this study, the pyrogen exerted 
no significant adrenocortical stimulatory effect. This is based on the known 
efficaey of ACTH in suppressing the development of cardiovascular and renal 
lesions in anaphylactically sensitized animals, as well as the absence in pyrogen 
treated animals of characteristic morphologic changes which result from ACTH 


administration. 
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A METHOD OF QUANTITATING 1-HYDRAZINOPHTHALAZINE 
IN BODY FLUIDS 


H. MircuHe.t. Perry, Jr., M.D.* 
Sr. Louis, Mo. 


HE elevated blood pressures of hypertensive patients are now being effec- 

tively controlled with a combination of I-hydrazinophthalazine (C-5968) 
and hexamethonium halide.':? With the advent of this therapy, it became 
desirable to quantitate both compounds in body fluids. Since the hexamethonium 
ion had had considerable previous therapeutie use,*° an adequate method was 
available for measuring it.° Despite prior clinical trial,’ however, no way of 
estimating hydrazinophthalazine had been devised. This drug consists of the 
heteroeyelic phthalazine ring with an attached hydrazine group. The hydrazine 
moiety is the most reactive part of the molecule. It has considerable affinity 
for sulfhydryl and earbony! radicals; it combines with heavy metals; with heat 
it is bound by glucose but not by sucrose; and it forms a highly colored com- 
plex on warming with ninhydrin in an acid medium. 


METHOD 


Advantage is taken of the last reaction in quantitating the compound. The metliod 
depends upon the measurement of the fraction of the hydrazinophthalazine which is ex 
tracted from water into chloroform as a ninhydrin complex. The procedure for urine is as 
follows: A 100 ml. aliquot is brought to pH 3.0 + 0.2 and an ionie strength of about 0.5 
exclusive of urinary electrolytes with glacial acetic acid and, when needed, sodium acetate. 
0.50 ml. of 2.4 per cent ninhydrin (triketohydrindine hydrate) is added; we have found iso- 
propanol more satisfactory as a ninhydrin solvent than water. The mixture is heated to 70° 
C. for seven minutes, and then immediately cooled in an ice bath after which it is extracted 
by means of vigorous shaking for at least thirty seconds with 10 ml. of chloroform. When 
the two liquids have partially separated, the chloroform layer which contains the yellow 
ninhydrin-hydrazinophthalazine complex is cleared by centrifugation. The color is stable 
for at least one hundred hours at 5° C. The amount of hydrazinophthalazine in the urine 


is linearly proportional to the 460 my optical density of the chloroform solution as measured 
by the Beckman photoelectric spectrophotometer. If the solution is too opaque to read, it 
ean be diluted with chloroform as much as necessary. Under the conditions set forth al 


the following equation is a good approximation: 


micromolarity of urinary C-5968 = 7.7 (460 my optical density - 0.10) 


It is important that extraction be completed relatively rapidly. When agitation i 
peated at intervals, abnormally high values are obtained. Only the ninhydrin-hydrazino| 
thalazine complex is extracted into chloroform. At equilibrium the greater part of 
reactant is uncombined, and both of the free compounds remain almost entirely in the aqi 
layer. After removal of the colored complex, a mass action effect causes more to be fo 
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which can also be extracted. There is no appreciable tendency, however, for the back reaction 
to occur in chloroform at room temperature; consequently the optical density of the complex 
remains constant. 

Some yellow urinary pigment passes from the water to the chloroform layer at pH 3.8 
If necessary, urine can be cleared of this interfering material by serial batch extractions of 
the pigment with chloroform before the ninhydrin is added. Since the free hydrazinophthala- 
zine is extremely hydrophilic, it is affected only very slightly by this procedure. Ordinarily 
such initial extraction is superfluous unless the greatest possible accuracy is desired. Ex- 
tractible pigment color at 460 my is seldom one-twentieth as great as the color of the 
ninhydrin complex even when a patient is on relatively small doses. 

At room temperature the drug is stable in distilled water for weeks; whereas in urine 
it quickly disappears. Even at 5° C., forty-eight hours is sufficient to clear the urine almost 
completely; however, freezing at subzero temperatures does halt decomposition. In practical 
terms this means that urine should be assayed or frozen immediately after voiding; even 


then losses may oceur in the urinary tract. 


2 8 


HNNH,, HNNH,, 


C-5968 C-6084 


HNNH, 
NH, HNNH,, 
C-744I C-6130 


Fig. 1.—Chemical formulas of 1—hydr: izinophthalazine (C-5968), 1,4-dihydrazinophthala- 


— 1 ene, 1-hydrazino—4—methylphthalazine (C-6130), and 3—hydrazino—6—phenyl-—1, 2— 

‘he method is applicable to blood. The difficulties involved are due to small initial 
Volue and low concentration. To avoid dilution the cells are removed by centrifugation and 
the jroteins precipitated by solid trichloracetic acid. Thereafter the procedures used with 
urine can be directly applied. If necessary, essentially all the color developed can be con- 
centriied in 1/25 or even 1/100 volume of chloroform. 


DISCUSSION 
he absorption spectrum of the ninhydrin-hydrazinophthalazine complex 
roform has a single major peak at 460 mp. In water the peak is at 
The maximum molecular extinction coefficient of the hydrochloride is 
10* if it is colored by the procedure outlined above. 





D968 PERRY 
Of some clinical interest are three chemically related experimental drugs 
1-hydrazino-4-methy]phthalazine (C-6130) ; 1,4-dihydrazinophthalazine (C-7441 

and 3-hydrazino-6-pheny1-1,2-diazine (C-6084) (Fig. 1). All have single peaked 
and therefore somewhat similar, absorption spectra. The first (C-6130) has ; 


maximum molecular extinction coefficient of 1.37 « 10* at 460 my; for thi 
10* at 480 my; and fo: 


second (C-7441) the maximum coefficient is 1.50 

the third (C-6084) it is 6.0 x 10° at 375 mp (Fig. 2). Phenylhydrazine gives a 
distinctive two-peaked curve with maxima at 395 and 430 mp where the molec 
10°, respectively. Hydrazini 


ular extinction coefficients are 2.3 «x 10° and 1.8 
It is at 875 mp, and 


itself, yields an absorption spectrum with only one peak. 


10. 


the corresponding extinction coefficient is only 3.8 
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Fig. 2.—Absorption spectra of the ninhydrin complexes formed as described with 50 
of 1-hydrazinophthalazine hydrochloride (C-5968), 50 uwM of 1-hydrazino-4-methylphthalaz 
hydrochloride (C-6130), 50 uM of 1,4-dihydrazinophthalazine dihydrochloride (C-7441), and 
50 uM of 3-hydrazino-6-phenyl-1,2-diazine hydrochloride (C-6084), all of which were ki! 


supplied by Ciba Pharmaceutical Products. 


The 460 my optical density is a function of pH over the range of 1 to 
neglecting specific anion effects, pH 3 gives maximal color. Increasing acid 
causes a more rapid diminution in opacity than increasing alkalinity. 

Again neglecting specific ion effects, the 460 mp opacity depends on 10 
strength. For an acetic acid-acetate buffer svstem an ionic strength of 0 
half gave maximal color, but electrolyte concentration is not eritical unti 
reaches very high values. 

Finally the 460 my optical density varies with the time and temperature 
No maxima oecur but the optical density approaches a limit as 
The standard procedure uses a 


F 
heating. e 
warming period becomes longer and _ hotter. 
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convenient, albeit arbitrary, time and temperature where these variables are 
not critical. The opacity corresponding to heating at 70° C. for seven minutes, 
although reproducible, is less than half of the limiting value obtained by boiling 
for forty minutes. 

The optical density of colored complex for given ninhydrin and hydra- 
zinophthalazine concentrations can be predicted accurately. The reaction be- 
tween ninhydrin and hydrazinophthalazine is apparently a simple reversible 
[N] x [5968] 


imoleeular one. The best value of the equilibrium constant — 
cman : [N5968] 
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2. 3.—460 mu optical density as a function of 1—hydrazinophthalazine concentration 
varying conditions. The solid line labeled water was obtained when the complex was 
in distilled water. It represents three superimposed curves. The first was obtained 
ling the water directly (x); the next by extracting it with an equal volume of chloro- 
nd reading the chloroform (0); the last by extracting it with one-tenth volume of 
rm, then diluting to*10 with chloroform, and reading the chloroform (@). For the 
sur curves the complex was formed in urine; the two dashed lines represent urine that 
t pretreated; the two dotted lines represent urine that was extracted at pH 3 with 
volume of chloroform after the hydrazinophthalazine had been added but before the 
n was put in. As indicated the urines were either read directly or else extracted with 
iumes of chloroform. For the sake of clarity the graphs representing extraction in 
th volume of chloroform were omitted; however, if the chloroform extracts are diluted 
volumes more of chloroform the curves are parallel to their respective parent curves. 
tercepts on the vertical axis were 0.103 for the uncleared and 0.017 for the cleared 
‘d_in this particular experiment. The slightly decreased slope of the pre-extracted 

| its extracts is due to the removal of free hydrazinophthalazine by chloroform. 


7-7 = 


eee 


FLO Vi 











570 PERRY 


is 1875 (Table I), with a standard deviation of 104. The theoretical deviation 


of the concentration curve (Fig. 3) from linear due to increasing dissociation 


over the range 0 to 100 pM C-5968 is about 3 per cent; this is not obvious experi 
mentally. Since the reaction is not nearly complete, the previously mentioned 


danger of its proceeding further is very real if the equilibrium is upset. by 


extraction of the product. The reappearance of a yellow color in the aqueous 


layer is easy to demonstrate after selective removal of the complex by shaking 
with chloroform, 


TABLE I. DETERMINATION OF EQUILIBRIUM CONSTANT OF NINHYDRIN-HYDRAZINOPHTHALAZIN 
COMPLEX 


460 mu Optical Density Reading x Dilution Factor 


Ninhydrin C-5968 95 50 100 200 100 uM 
~ 2400 uM 64.95 
1200 22.40 45.20 S4.90 
600 7.481 14.10 30.46 56.00 164.0 
300 8.040 | 18.90 Re 
150 | 9.581 
K [N] x [H]/[NH] 
Ninhydrin C-5968 25 | 50 100 200 100 uM Mean 
2400 uM | | 1260 | 1260 
1200 1450 1401 1513 | 1455 
600 1387 1499 1301 1397 (628) | 1403 
300 |} 1524 1206 1243 1324 
150 325 1295 
Mean 1387 | 149] 1298 1384 | i375" 


*Value ir 


parentheses omitted. 


Extraction of the yellow ninhydrin-hydrazinophthalazine complex from 
water at pH 3 into chloroform can be demonstrated visually to be very com- 
plete; the distribution coefficient approximates 500. This very high value 
permits extreme concentration of the complex in the chloroform coupled with 
essentially complete recovery. At the same time there is almost no removal of 
the uncombined compounds from the aqueous phase due to their hydrophilia 
and the greater volume of this phase. At pH 3 free ninhydrin has a water- 
chloroform distribution coefficient of about ten while free hydrazinophthalazine 
has an even higher one. 

The almost parallel straight lines shown in Fig. 3 are plots of 460 my 
optical density versus 1-hydrazinophthalazine concentration under varying con- 
ditions. The curve of concentration in water versus optical density passes 
through the origin of the graph. Extracting with chloroform does not change 
the curve even if the volumes of the two phases are different, provided the 
chloroform readings are corrected. When the ninhydrin reaction oceurs in 
urine and color is measured directly, a non-zero blank appears but the slope 1s 
unaltered. Chloroform extraction either of the original urine before ninhy rin 
is added or of the colored urine reduces the blank. The slight diminutio: in 
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slope with pre-extraction is presumably due to the minimal removal of hydra- 
zinophthalazine along with urochrome and related substances. In any case the 
final eolor depends only on urinary drug level and blank reading. With care 
the method as deseribed is capable of better than 8 per cent accuracy for eon- 
centrations greater than 10 micromolar, and this can be considerably improved by 
such devices as pre-extraction and bracketing of unknown readings by known 
standards. The precision is less for lower concentrations, but under suitable 
conditions one micromolar or even more dilute solutions can be estimated. 


URINARY RECOVERY AFTER ONE DOSE OF 5968 
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‘ ig. 4.—Twenty-four hour urinary excretion in mg. + hr? of 1—-hydrazinophthalazine 
( 8) after a single oral dose of 50 mg. of the drug. The patient was a 5l-year-old 
Wi with moderately severe neurogenic hyptertension for which she had not been previ- 


ous eceiving this drug. The area below the dotted line represents the urinary pigment found 
in lrine voided before taking the drug. 


\S was mentioned previously, the hydrazine moiety of the molecule reacts 


Wit! ketone groups, sulfhydryl radicals, many heavy metal ions, glucose, and 
nin’ drin. In vitro experiments reveal that water-soluble mercaptans are bound 
by | hydrazinophthalazine but not by phthalazone where the hydrazine is re- 
pl by oxygen. For molecules with three or more carbon atoms the ability 
to bine is therefore dependent on the presence of a hydrophilic group; 
her i-propyl mereaptan remains uncombined whereas ethyi mereaptan and 
B-m: capto propionic acid are bound. Hydroxyl groups cannot substitute for 
sul ryl groups, as evineed by the fact that serine is inert and eysteine active. 
Some binding of hydrazinophthalazines, probably involving glutathione and 
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perhaps other related compounds, occurs in vivo since it is possible to break the 
combination and then recover additional previously bound hydrazinophthalazin 
from urine. The linkage between sulfhydryl groups and certain metallic salts, 
such as antimony trichloride for instance, is tighter than the mereaptohydrazine 
linkage and under suitable conditions replaces it. Sinee the drug combines wit! 
many metals, however, the latter must be used cautiously. Preliminary results 
show that patients on C-5968 uniformly have both free and bound compound in 
their urines with the amount of the latter that can be measured ranging from a 
very small fraction to two or three times that of the free drug. 

Carbonyl as well as sulfhydryl groups react with hydrazinophthalazine 
but not with phthalazone. Solubility in water is again a requisite to activity; 
hence acetaldehyde combines; whereas phenylacetaldehyde does not. — Lik 
f£-mercaptopropionie acid, pyruvic acid is strongly bound; surprisingly enough 
the effect of the two groups seems additive in B-merecaptopyruvie acid. Acetone 
on the other hand seems to be entirely without activity. Although it has not 
been possible to break the linkage between carbonyl and hydrazine radicals, 
there is evidence that the linkage oceurs in vivo. Preliminary data, however, in 
dicate that blood pyruvie acid levels are not depressed in patients on C-5968 
therapy. 

The common alkali metals and alkaline earths of body fluids: sodium 
potassium, magnesium, and calcium, as well as the heavier caesium and barium, 
do not combine with hydrazinophthalazine. On the other hand, ferrie, cupric, 
manganous, and cobaltous ions comprise a group of physiologie metals which do; 
the first pair is much more active than the second. Whereas the ferrie ion is 
very reactive, the ferrous ion has no activity. 

The reaction of hydrazinophthalazine with glucose is apparently analogous 
to osazone formation with phenylhydrazine. It presumably is of no physiologic 
importance since it occurs only after long boiling with concentrated sugar 
solutions. 

Clinieal studies will be more fully discussed in a later communication. In 
general, the procedure reveals a noticeable urine concentration of the hyd 
zinophthalazine within thirty minutes of a single oral dose; a maximum is reached 
during the second to fourth hour, thereafter the drug is slowly exereted for 
more than twenty-four hours. Fig. 4 shows the typical time course of urinary 
excretion of C-5968 after 50 mg. by mouth. The low value in the evening urine 
is probably due to the fact that assay was postponed until twelve hours alier 
voiding, allowing appreciable drug decomposition. To date there has been a 
surprising uniformity in the percentage of drug recovered; whether it is given 
orally or parenterally the recovery of free drug approximates 2 + 14 per ¢ 


SUMMARY 


A colorimetric method is deseribed for the determination of 1-h) 
zinophthalazine or ‘related substances as ninhydrin complexes in urine oF 
plasma. Its difficulties are discussed and its dependence on reaction vari: es 
outlined. Five compounds or groups with which the drug reacts are mentio 
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(1) sulfhydryl radieals, (2) carbonyl radicals, (8) glucose, (4) heavy metal 
ions, (5) ninhydrin. 


[I wish to acknowledge the able technical assistance of Mrs. Robert Goldstein and Mrs. 
Michael Mahoney. I am indebted to Elizabeth F. Perry for the illustrations and to Dr. 
Henry A. Schroeder for his aid in the preparation of the manuscript. The four experimental 


drugs were kindly furnished us by Ciba Pharmaceutical Products. 
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HE addition of certain antihistaminie agents to whole blood prior to its 





infusion has significantly lowered the incidence of untoward transfusion 





reactions.’ ? This is of particular importance for those patients who require 






multiple and repeated transfusions.’ During a study of this phenomenon, it 






was observed that the addition of Benadryl to anti-A and anti-B sera signifi 






cantly retarded the specific agglutination in vitro of Group A and Group Bb 






corpuscles, respectively. This report deals with further analyses and observa 






tions on the inhibiting effect of Benadryl and other antihistaminie agents on 





isoagglutination of human blood eells in vitro. 



























METHODS 


1. Fresh erythrocytes of blood groups A and B were washed three times in 0.9 per cent 


NaCl solution and resuspended to a concentration of 1.5 to 2.0 per cent. 


2 (a). Equal parts (0.1 ml each) of sera (anti-A or anti-B) and the selected anti 
histaminic agent (as commercially available) were mixed together in a small test tube a 
vigorously shaken for one minute. In one depression of a microslide was placed 1 drop of 
the serum-antihistaminic mixture, and in the other 1 drop of a serum-saline mixture wl 
served as a control. One drop of the appropriate cell suspension (Group A or Group 


was added to each, and the slide was rotated to insure adequate mixing of the components. 





2 (b). To 0.5 ml. of Group A or Group B cell suspension in a small test tube was added 


0.1 ml. of an antihistaminic agent (as commercially available) and the mixture was 


vigorously shaken for one minute. In one depression of a microslide was placed 1 drop of thie 
cell suspension-antihistaminic agent mixture and in the companion depression 1 drop of 
the cell suspension in saline solution which served as a control. To each was added 
drop of the appropriate antiserum (anti-A or anti-B), and the slide was rotated to ensure 
mixing of the cell suspension and serum. 

3. The time of agglutination of series of mixtures was recorded by stopwatch from tlie 
instant of contact between the serum and red cell suspension. The mixtures were obs 
under low power at intervals not greater than thirty seconds in order to detect the initi: 
and degree of clumping of the cells. The slide, while on the stage of the microscope, as 
gently agitated at one-minute intervals in order to promote clumping. 

4, Agglutination reactions were recorded as +, 14+, 2+, 3+, or 4+ (4+ indicated e 
presence of large clumps, although some free cells might still be present). 

5. Additional controls consisted of appropriate samples of the blood in 0.9 per 
saline diluent and in Phemerol preservative, diluted 1 to 10,000. 

6. In order to determine the effect of prolonged contact of an antihistaminic 
with cell suspension or antiserum, the cell suspension and antihistaminie agents, as W 
the mixtures of anti-A or anti-B sera and antihistaminie agents, were incubated for va’) ng 


periods of time before testing for any evidence of inhibition. 
__ From the Department of Medicine, Sub-department of Preventive Medicine, Univer ol 
California School of Medicine, and the Laboratory of Experimental Oncology of the N 
Cancer Institute, Public Health Service, Federal Security Agency. 
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Antihistamini 


Preparations. 







Kight 


antihistaminie agents were tested to determine their relative abilities to inhibit 


isoagelutination®™ (Table | 


Since some of the antihistaminie agents contained 


undisclosed ingredients which were not available for study and which may pos 


sibly have interfered with their inhibitory action, it was difficult to make defini 


tive comparisons of all preparations. 


activity was observed, the 4 


In the cases 


in which some 


inhibitor 


reaction usually occurred abruptly following vary 


ing time intervals during which small aggregates of rouleaux were seen whic! 


became dispersed when the slide was gently agitated. 


The results of the tests 


indicate that Pyranisamine maleate, diphenhydramine HC] and tripelenamin 


HCl] exhibited the greatest inhibition of agglutination. 
Which Anti-A or Anti-B Sera 
minic Agents Prior to Combining With Group Specific Erythrocytes. 


B. Tests in 


Were 


Treated With Antthista 


Pyra 


nisamine maleate showed the greatest inhibition of isoagelutination amone thi 


TABLE IT. 


THE REACTION TIME 


ANTI-B SERA WHEN MIXED 


HYPERIMMUNE 


ANTISERA + 


EQUAL PARTS 


OF 
Saline 


Phemerol 1-1 
OOO 


Neo-antergan 


(Pyranisamine 


maleate ) 
Benadryl 


Pyribenzamine 


Histady] 


Neosynephrine 


thenfadil 


Antistine 


Clopane hydro- 


chloride 


Dramamine 





*Three days at 4° C. 


ANTI-A SERUM + GROUP A CELLS 
LENGTH OF | 

| INCUBATION | 

OF SERUM 


AND 


DILUENT : 


none 
1 hour* 
5 dayst 
none 
1 hour 
3 days 
none 
1 hour 
3 days 
none 
1 hour 
3 days 
none 
] hour 
3 days 
none 
1 hour 
3 days 
none 
1 hour 
5 4 days 
none 
1 hour 
3 days 
none 
1 hour 
3 days 
none 
1 hour 
5 days 


with appropriate cell suspensions. 





*The commercially available 


the tests. 


Serum 


OF AGGLUTINATION OF ANTIHISTAMINIC-TREATED ANTI-A 0 


WITH SUSPENSIONS OF 


FIRST 


APPEARANCE 
OF AGGLU- 
TINATION 
(+ To 1+) 


30 see. 
30 
30 
30 
30 
30 
450 
540 
240 
300 
330 
180 
300 
210 
210 
270 
270 
570 
30 
30 
60 
90 
60 
60 
60 
60 
60 
30 
30 
30 


*One hour at room temperature. 


APPEARANCE 
OF LARGE 
CLUMPS 

(4+) 
90 see, 
90 
60 
90 
90 
60 
840 
1140 
540 
900 
390 
240 
510 
270 
660 
360 
S630 
~ 630 
240 
150 
120 
120 
90 
90 
570 
210 
720 
60 
60 
60 





ANTI-B SERUM 
FIRST 
APPEARANCE 
OF AGGLU- 
TINATION 
(+ To 1+) 
30 see. 

30 
30 
30 


9 
o 


30 
420 
720 
240 
180 
360 
180 
270 
210 
210 
270 


270 


GROUP SPECIFIC ERYTHROCYTES 


+ GROUP B CELI 


APPEARANCT 
OF LARGI 
CLUMPS 

(4+) 

90 see, 

60 

90 

90 

60 

90 
S70 
1140 
450 
330 
510 
240 
420 
270 
240 
300 
360 
360 
150 

60 

90 
120 

90 

90 
300 
150 
940 

60 

60 

90 


mixtures were then brought to room temperature and 1 


concentrations of the antihistaminic 


agents were us in 
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antihistaminie agents tested (Table I]). Pyranisamine maleate, however, was 
the only test substance whieh was obtained in crystalline form—the others were 
in solution and contained other ingredients which may have interfered in some 
way with the reactions. There was no hemolysis observed either in the tests or 
the controls when hyperimmune anti-A and anti-B sera were used as the source 
of agglutinins. 

When normal Group © sera were used as the source of anti-A and anti-B 
antibodies, hemolysis of varying intensities occurred (Table I11]). Sheht hemol 
vsis was detected with Benadryl and Pyribenzamine within sixty to ninety 
seconds; with Pyranisamine maleate hemolysis did not occur in less than 540 
seconds. In the instances in which hemolysis occurred without evidence of pre 
liminary agglutination of the cells, it may be assumed that direct lysis took place 

(. Tests in Which Erythrocyte Suspensions Were Treated With Benadry! 
Prior to Mixing With the Specific Anti-A or Anti-B Antisera.—The agelutina 
tion time of Benadryl-treated cells was contrasted with (a) untreated cells and 
(b) cells treated with Phemerol 1 to 10,000. The addition of Benadryl to 
saline suspension of erythroeytes caused a delay in the agglutination of the cells 
with group specific antisera. This effect was most noticeable when the cell 
suspension-Benadryl mixture was immediately added to the antiserum without 
a previous period of incubation (Table IV). The delay in agglutination was 
approximately 165 seconds for the initial appearance of small clumps (+ to 1 
reaction) and approximately 240 to 312 seconds for large (macroscopic, 4 
clumps to form. <A concentrated solution of Phemerol (1 to 1,000 dilution) was 
also used in order to determine whether a high concentration of this substance 
might inhibit agglutination, but unlike the 1 to 10,000 dilution of Phemerol, 
the 1 to 1,000 dilution produced hemolysis. 


/ 


Averages were calculated for the agglutination times of the cell specime! 
examined. In the control series there was very little variation among the dil 
ferent specimens of blood cells tested—agelutination first appeared in about 
thirty seconds and a 4+ reaction was observed in sixty to ninety seconds. — In 
the tests with Benadryl, however, a great deal of variation occurred: In thie 
agglutination of Group <A cells with anti-A serum, the average agglutinati 
time of 318 seconds represents a range of from 60 seconds to 6380 seconds; lil 
wise in the agglutination of Group B cells with anti-B serum, the average age 
tination time of 372 seconds represents a range of 90 seconds to 810 seconds. 
Benadryl appears to have a greater inhibiting effect on agglutination with some 
erythrocytes than with others when inhibition is induced by adding it dire: 
to the red cell suspension prior to mixing with the hyperimmune serum. In ¢ ie 
tests in which the Benadryl-cell-suspension mixtures were allowed to ineubste 
for one or two hours before mixing them with anti-A or anti-B serum, |e 
cells, in many instances, became hemolyzed so that the mixtures eould not de 
tested. 

Three different specimens of Group AB blood were treated with Bena 
and then mixed with anti-A and anti-B hyperimmune sera. The results of t! ’se 
tests were similar to those recorded in Table ITI. 
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TABLE IV. THE REACTION TIME OF BENADRYL-TREATED ERYTHROCYTE SUSPENSIONS IN THEIR 
GROUP SPECIFIC (HYPERIMMUNE) ANTI-A AND ANTI-B SERA 


GROUP A CELLS VS. ANTI-A GROUP B CELLS VS. ANTI-B 
SERUM SERUM 
2% SUSPEN- FIRST FIRS 
SION OF R.B.C, LENGTH OF APPEARANCE | APPEARANCI \PPEARANCE | APPEARANCI 
IN SALINE, INCUBATION OF AGGLI OF LARGI OF AGGLI OF LARGE 
PREATED OF CELLS IN rINATION CLUMPS rINATION CLUMPS 
WITH: DILUENT: N (= T0:14 (44 N + To 1+) (4+) 
Saline no incubation 22 30 sec, 78 see. 1] 36 sec, 60 see, 
Phemerol no incubation 12 36 90) 7 54 144 
1-10,000 
Benadryl 1% no incubation 22 192 O18 1] 216 372 
Benadryl 1% 10 min. 20 174 276 10 246 294 
Benadryl 1% 1 hour 12 108 180 | Q4) 1SO 
Benadryl 1% ” hours 3 60 120 


In all of the experiments in this section, hyperimmune anti-A and anti-B 
sera were used. Similar tests were done employing normal sera from Groups 
, A, and B individuals in whieh the anti-A and anti-B agglutinins occurred 
in normal concentrations (Table V). In these tests the agglutination times were 
relatively retarded as would be expected in comparison with the faster acting 
hyperimmune sera. When Benadryl-treated cells were mixed with normal sera, 
hemolysis was observed in Group A and Group AB cells, but not in Group B 
cells: when Benadrvl-treated cells were mixed with hyperimmune sera, no hemol- 


TABLE V. THE REACTION TIME OF BENADRYL-TREATED ERYTHROCYTE SUSPENSIONS IN 
INCOMPATIBLE NORMAL SERA 





CONTROL: 


UNTREATED 2% CELL SUSPENSION IN SALINE TREATED 
CELLS WITH BENADRYL (NO INCUBATION PERIOD 
BLOOD | BEGIN NING BEGINNING | 
OUP OF ISOAGGLI AGGLU- LARGI AGGLU LARGE | HEMOLYSIS 
LYTHRO TININS IN TINATION | CLUMPS | TINATION | CLUMPS APROX, 90 TO 
CYTES SERA + TO 14 14 +70 14 $4 95% 100% 
hyperimmune ) 30 sec. GO see. 210 see, 270 see. nohemol. no hemol. 
anti-A 
nN (normal) ¢ 
O—anti-A 90) 150 no agg noagel. 210 see. 150 see, 
O—anti-A 120 240 noagel. noagegl. 210 270 
B—anti-A 120 180 no agg noagel. 210 300 
(hyperimmune ) 30 60 1) 150 no hemol. no hemol. 
anti-B 
RB (normal) 
O—anti-B 90 120 600 S10 no hemol. no hemol. 
O—ant:-B 150 270 300 600 no hemol. no hemol. 
A—anti-B 150 300 200 660 no hemol. no hemol. 
(hyperimmune ) 
anti-A 30 120 120 150 no hemol. no hemol. 
. (hyperimmune ) 
anti-B 30 60 90 120 nohemol. no hemol. 
> 
: B (normal ) 
F O—anti-A,B 150 180 360 none 510 > 720 
O—anti-A, B 180 300 330 none 330 540 
A—anti-B 150 1S0 360 none 540 >720 
| B—anti-A 210 300 300 1S0 no hemol. no hemol. 
; Regular observations were made for 720 seconds, and no observations were made after 


‘onds. 


Sera from four normal individuals were used in this experiment: Two of blood Group O, 
Group A, and one of Group B. 
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ysis occurred. In the latter ease, large clumps formed and persisted, whereas 
in the former, agglutination when it occurred was slight, but yet 50 to 100 
per cent of the cells of blood groups A and AB became hemolyzed. 

In the tests in which hyperimmune anti-A and anti-B sera were treated 
initially with antihistaminies, a greater and more prolonged inhibition of agglu 
tination was obtained (Table IL) than was observed when the cell suspensions 
were similarly treated (Table IV). This difference may have been due to thi 
fact that greater amounts of the antihistaminic agents could be used with thi 
hyperimmune sera than with the erythrocyte suspensions. 

D. The Effect of Antihistaminic Agents on the Anti-Muman-Globulin 
(Coombs’) Reaction.—The sensitized erythroeytes from a newborn infant sut 
fering from hemolytie disease (erythroblastosis fetalis) were used to determin 
the effect of antihistaminies on the Coombs’ reaction. The routine Coombs’ test 
on the erythrocytes of the infant showed a strong agelutination (4+) in thirt: 
minutes at room temperature. To detect the effect of the various antihistaminic 
agents, 0.05 ml. of each agent, respectively, was mixed with 0.05 ml. of anti 
human-globulin serum in small test tubes, and to each was added 0.10 ml. of a 
2 per cent suspension of washed sensitized erythrocytes. The specimens wer 
incubated at room temperature and were then examined for agglutination at 
thirty minutes, one hour, and two hours, respectively (Table VI 





TABLE VI. THE EFFECT OF ANTIHISTAMINIC AGENTS ON THE COOMBS’ REACTION 


LENGTH OF INCUBATION OF SENSITIZED CELLS AND COOMBS’ SERUM: 


COOMBS’ SERUM o0 MINUTES 1 HOUR 2 HOURS 
DILUTED WITH AGGLU HEMOL- AGGLU- HEMOL AGGLU- HEMO 
EQUAL PARTS OF: TINATION YSIS TINATION YSIS TINATION YSIS 
0.9% saline 4+ no hemol. 4+ no hemol. 44+ no hen 
Phemerol 1-10,000 t+ no hemol. 14 no hemol. 44 no hen 
Neo-antergan no agg. no hemol. no agel. 25% no aggl, 50% 
(Pyranisamine 
maleate) 
Pyribenzamine no agg. no hemol. no agg. DOG no agel. 50% 
Dramamine + no hemol. - no hemol. + DOG 
Clopane hydro + no hemol. 2+ no hemol. $4 no hen 
chloride 
Neosynephyrine + no hemol. 3t no hemol. 1+ no hen 
thenfadil 
Histadyl - 95% - 100% - LO0¢ 
Antistine - 95% ~ 100% _ 100° 
Benadryl - 100% _ 100% = 100¢ 


Pyranisamine maleate and Pyribenzamine delayed or inhibited ageglut 
tion of sensitized cells by the Coombs’ serum; however, after a period of ‘\vo 
hours, 50 per cent of the cells were hemolyvzed and so no conelusions could he 
drawn as to whether the action of the antihistaminie agent was initially to d 
agglutination or to inhibit it. Hemolysis oceurred within thirty minutes 
Benadryl, Phemerol, Histadyl, and Antistine, and, in these instances, th 
hibiting effect could not be evaluated. Tests with Neosvnephrine then 
Clopane hydrochloride, and Dramamine showed only a’ trace of agelutin 
after thirty minutes; at the end of two hours, the Coombs’ test was 4 
Neosynephrine thenfadil and Clopane hydrochloride, and + with Dramamii 
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DISCUSSION 


The use of Benadryl and Pyribenzamine in vivo appears to protect the 
recipient more effectively, as determined by e¢linieal criteria, than can be ae- 
counted for by the reaction as observed in vitro. The routine use of Benadry] 
and Pyribenzamine in transfusions given to leukemie patients has markedly 
lowered the incidence of unfavorable reactions and this certainly is of importance 
in those who require frequent and multiple transfusions. Antihistaminic agents, 
in vitro, are capable of retarding the speed with which isoagglutination takes 
place. In some instances rouleaux occurred preceding the formation of the cell 
ageregates typical of isoagglutination. In most of the cell specimens examined, 
the smaller clumps (1+ to 8+ in size) of antihistaminie treated cells in type 
specifie antibody appeared to be less firmly held together than the characteristic 
agyutinations seen in the controls. Antihistaminice agents, in vitro, act to re- 
tard and weaken the isoagglutination reaction, but they do not prevent the 
eventual clumping of the cells; while in vivo, the retardation of agglutination 
is apparently sufficient to overcome minor clumping due to atypical antibodies 
and thus prevent the usual and characteristic clinical responses of this reaction. 

Mechanisms which may explain this phenomenon are: (1) the effect of 
possible changes in the pH of the cell suspensions; (2) the surfaces of the eryth- 
rocvtes may be temporarily affected by the antihistaminies so as to hinder or 
weaken the antigen-antibody bond; and (3) the aetivity of the isoagglutinins 
may be lessened because of physicochemical interference from a combining group 
in the Benadryl molecule which would temporarily lessen the affinity of the 
avelutinin for its specifie antigen. 

The pH of the Benadryl used in these experiments was about 5.2, but when 

vas added to a cell suspension, the pH of the mixture was consistently around 
7.39, and this is within a favorable pH range for isoagglutination reactions. Ap- 
ently the erythrocyte suspensions thus treated maintain their normal pH 
ies at room temperature in the presence of Benadryl, at least for the first 

tv minutes to one hour after the addition of Benadryl. When antihistaminie 

ts are added to the hyperimmune anti-A or anti-B sera prior to mixing the 


sera and cell suspensions, the reaction of retardation of agglutination appeared 

more prolonged than when the cells were first treated with the antihista- 
minic. This might be interpreted as evidence that the effect is primarily on the 
ai bodies rather than on the cell surfaces; however, these were preliminary 
exjcriments and no definite conclusions can be drawn from them. 


SUMMARY 


ie addition of Benadryl directly to blood to be transfused appears to 


I the oeeurrence of minor transfusion reactions. This is in agreement with 
pI is observations made by other investigators. 

eight antihistaminie agents tested in vitro, Benadryl and Pyranisamine 
mi e appeared to have the greatest inhibitory effect on isoagglutination; 
I yl and Pyribenzamine showed slight inhibitory activity; and essentially 
no et was observed with Clopane hydrochloride, Antistine, Neosynephrine 


lil, and Dramamine. 
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In regard to the Coombs’ test, agglutination of sensitized red blood cor 
puscles by anti-human-globulin serum, the reaction appeared to be retarded by 
Pyranisamine maleate, Pyribenzamine, and Dramamine; only slight retardation 
occurred with Clopane hydrochloride and Neosvnephrine thenfadil. The effect 
on the Coombs’ test of Histadyl, Antistine, and Benadry! could not be evaluated 


heeause these agents produced hemolysis of the sensitized ervthroevtes. 
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THE EFFECT OF A BRAIN FRACTION ON SERUM CHOLESTEROL 
AND THE SERUM LIPID PATTERN 


RoBeRT B. Gorpon, M.D.,* SUMNER C. Krarr, MwA... AND RicHarp J. JONES, M.D. 
CHICAGO, ILL. 


OREEK and Gardner! in 1908 demonstrated that a dog on a diet of meat 
D and vegetables excreted large amounts of cholesterol in the feces; however, 
when brain was added to the diet, the fecal steroids consisted mainly of copro- 
sterol. Rosenheim and Webster? further found that rats on a sterol-free diet 
excreted only traces of coprosterol and that when cooked brain, itself rich in 
cholesterol, was also added, large amounts of coprosterol were found in the 
feces with a diminution of cholesterol. They concluded that this specifie action 
on cholesterol metabolism was largely due to the cerebroside, phrenosin. Rats 
on a high cholesterol diet, with the addition of adequate phrenosin or cholesterol- 
free brain extracts, excreted coprosterol to the extent of 70-90 per cent of the 
fecal steroids. 

The body cholesterol can be thought of as being both exogenous, from in- 
vested cholesterol, and endogenous, from synthesis in the liver. Recent work 
suggests that the endogenous cholesterol, as well as the exogenous, eventually 
finds its way into the intestines via the biliary tract® or direct mucosal transter.* 
It then would seem to follow that, if the intestinal cholesterol could be eon- 

erted to the unabsorbable coprosterol in the alimentary canal, a substantial 
portion of the body’s cholesterol could be removed via the gastrointestinal tract. 
(he present experiment was an effort to establish that the feeding of a brain 
extraet will actually reduce the level of serum cholesterol, presumably by this 
chanism. 
MATERIALS AND METHODS 
Experimentally, 13.6 kg. of sheep brains were homogenized in a Waring blender and 
‘ted at room temperature for periods of twelve hours each as follows: 
(a) 8 extractions with 10 liters acetone; 
(b) 4 extractions with 5 liters petroleum ether; 
(ec) 1 extraction with 10 liters acetone. 


ving each extraction the solvent was removed by filtration in Buchner funnels. The 

residue was spread on trays and dried at room temperature for twenty-four hours. Light 
wwder, 1.9 kg., was obtained which was still shown on Soxhlet extraction to contain 
cent petroleum ether-soluble material, but only 0.512 per cent cholesterol. 
(wenty-four 8-week-old white leghorn cockerels were obtained from a commercial 
and divided into four groups. The chickens were weighed and fasting blood was 
rom the Departments of Medicine and Surgery of The University of Chicago. 
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drawn for an initial total serum cholesterol determination. They were then placed on the diets 
listed in Table I. The starter mash is a commercial product and upon analysis was shown 
to contain 2.1 per cent lipid material, but only 0.033 per cent of cholesterol. Water was 
allowed ad libitum. The cockerels were kept on these diets for fourteen days, with an average 
weight gain of 146 Gm. per bird, which was approximately equal in the four groups. Follow 
ing a twelve-hour fast, the birds were exsanguinated via the external jugular vein and serum 
lipids determined. Total lipid and total cholesterol were determined by a modification of 
the Bloor technique,® phospholipids by a modified Fiske-Subbarow method,® and the ultracen 
trifuge pattern was studied using the heavy-density (p — 1.21) NaCl-KBr medium as 


described by Lewis and Green.’, 8 
RESULTS 
Table I presents our findings. Four birds were ultimately excluded from 


Groups I and II because of intercurrent disease. There was a definite tendency 
for serum cholesterol to be reduced by the addition of brain powder to the 


TABLE I. THE FINAL SERUM LIPID VALUES AND INITIAL SERUM CHOLESTEROL LEVELS IN THI 
Four DIETARY GROUPS 


SERUM CHOLESTEROL MG. Y AT TIME OF 


GM./DAY ro 
OFFERED TOTAL 
CHICK PER PREDIE LIPID | PHOS, | CHOL. 
NO. DIET CHICKEN | TARY | FINAL |CHANGE| MG. %| LIPID | LP 
Starter mash 100 125 116 9 358 173 16. 
140 130 —10 SS0 190 
126 27 + 193 


106 104 ‘ D3 115 
12 


Starter mash and 


$0 


oo 


11% ] 
brain powder . 133 : ] 

132 —3 ; 13 

] o : 13 


LS 


Starter mash, 
cottonseed oil 
and cholesterol 


Starter mash, 
cottonseed oil, oO 38; n 915 
cholesterol, and 2 3 3 630 
brain powder ; 3 563 
878 


SYS 


control diet. Three of these four chicks in Group IL had cholesterol levels low: 
than were seen in any of the 24 chicks prior to the onset of dietary manipulatio 
and earlier pilot experiments gave comparable results. In the groups wi! 
added cholesterol in oil (Groups III and IV), there is a striking difference, wit 
no overlap, between the levels of serum cholesterol and total lipid in the cont 
sroup (Group III) and the treated group (Group IV) (Fig. 1). It ean | 
seen from the table that the total lipids and the phospholipids correspond wit 
the diet and vary roughly with the cholesterol, but not quite so much. Hen 
the cholesterol/lipid phosphorus ratio, to which atherogenic significance hi 
been ascribed, tends to be reduced. 





BRAIN FRACTION AND SERUM CHOLESTEROL AND SERUM LIPID PATTERN DS) 


The ultracentrifuge patterns showed equally striking differences between 
Groups IIf and IV as illustrated in Fig. 2. Feeding of 2 per cent cholesterol 
to these chicks caused a large peak of beta lipoprotein material to develop in 
the range S,- 20-70, whieh eorresponds to the range of S- 6-20 with Gofman’s 
system. This apparently included macromolecules lighter than the usual beta 
lipoprotein, there being little or no material at the usual S; 30-35, the peak 
coneentration eradient occurring at an S,- of 50. The addition of brain powder 


to the diet caused a reduction of this abnormal lipoprotein by approximately 


yo 


TOTAL LIPIDS 
CHOLESTEROL 


SERUM CHOLESTEROL 
GRAMS % 


TOTAL SERUM LIPIDS 86 





GROUP Ill GROUP IV 


‘ig. 1.—Comparison between the total serum lipids of the cholesterol-fed chicks (Group 
l1Il) and the cholesterol-fed chicks receiving brain powder (Group IV). The shaded portion 
f the bar represents the cholesterol fraction in the same serum. 
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GROUP II GROUP TV 
Fig. 2.—Comparison between chicks receiving cholesterol plus brain powder (Group IV) 
the cholesterol-fed controls (Group III) with regard to the beta lipoprotein (Sr 20-70) 
entration and lower density lipoproteins (Sr 100-400) which are shaded. 
there being no overlap between the two groups. There was also a redue- 
in the exeessive amount of low-density lipoprotein of S; 100-400 (Gofman’s 
9-140), and a questionably significant reduction in the alpha lipoprotein. 
differences between Groups I and II in ultracentrifuge patterns were in- 
ficant, though they also suggested a reduction in the amount of material 
S; 40-70 category. 


CONCLUSION 


‘hese findings are in accord with the original hypothesis and suggest 
iple attack against hypercholesterolemia of exogenous and, perhaps, en- 
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dogenous origin by the supplementary feeding of an unidentified fraction 01 


cholesterol-extracted erude brain. Further work is in progress to see whethe1 
the cerebroside fraction indeed contains the active principle, to investigate thi 
effects of increasing dosage, and to determine whether the atherosclerosis o 
cholesterol feeding can in fact be prevented by sustained activity of such a brain 
fraction. 


The authors are indebted to Dr. Roger C. Baker and Dr. Emmet B. Bay for invaluab 


advice offered in the course his work. 
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THE BENEFICIAL EFFECTS OF INTERMITTENT DIETARY 
REGIMES ON THE TENDENCY TO ATHEROSCLEROSIS 
S. Ropsparp, M.D., Pu.D., C. BoLENrE-WiILuiAmMs, B.A., R. Prcek, M.D., 
AND L. N. Katz, M.D. 

Cuicaco, ILL. 


HE presence of cholesterol in the diet of rabbits,’ chicks,’ dogs,® and per- 
haps of man results, at appropriate age periods, in the development of 
atherosclerotic lesions in the aorta and in the coronary arteries.‘ We have 
recently demonstrated in the chick that this effect is independent of total 
caloric intake, as such, but depends primarily on the ratio, ingested cholesterol : 
hody weight... These experiments suggested that the tendency to hypercho- 


lesteremia and to atheromatosis might also be affeeted by the pattern of cho- 
lesterol] ingestion and the nature of the remainder of the diet. We therefore 
undertook studies on the effect of intermittent feeding of cholesterol diets 
with varied regimens during the periods when the animal did not receive 
cholesterol. 
GENERAL METHODS 

Two series consisting of a total of 250 newly hatched Hyline cockerels were pur 
sed from a local hatchery. Weekly records of food intake and of rate of growth were 

le. The animals were bled at intervals to determine the plasma cholesterol level.é 
The experiments were designed to test the effect of intermittent cholesterol feeding 
the influence of the diet during the intermittent cholesterol-free periods. In the 


series cholesterol was added to the mash on alternate days. In the second series 


~s 


periods were extended to five days, as described below. 

Groups of animals were sacrificed at intervals and examined according to previously 
ribed techniques.7 The heart and aorta were dissected en bloe and inspected for gross 
osclerosis. These tissues were then treated with Sudan IV to manifest occult fatty 
rations. Two or more independent observers graded the aortas as unknowns. Grading 
sions was on the basis of their area, elevation and number; values up to plus 4 (severe 


xtensive) were assigned. Frozen and paraffin sections of representative lesions of the 
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and aorta were then stained with Sudan IV and with hematoxylin and eosin, re- 
vely. 
In the present study attention is given primarily to thoracic atheroma, since these are 
terol induced. 
RESULTS 
Series One: Daily Alternation—This series of 75 chicks was divided 
our groups. The accumulated data are summarized in Tables I and II. 
roup 1 consisted of twenty-two animals on a normal mash diet every day. 
animals gained weight rapidly, weighing an average of 2 kilograms at 
-six weeks. The average plasma cholesterol varied from 56 to 113 mg. 
m the Cardiovascular Department, Medical Research Institute, Michael Reese Hospital. 
s department is supported in part by the Michael Reese Research Foundation. These 


vere supported by the National Heart Institute (grant H626 C), and by the Life In- 
Medical Research Fund. 
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PABLE I. A COMPARISON OF THE ATHEROGENIC EFFECTS OF CONTINUOUS VERSUS INTERMITTI 
FEEDING OF CHOLESTEROL. SERIES | 


AT 20 WEEKS ON DIET AT 26 WEEKS ON DIE! 
INCIDENCE AVERAGE INCIDENCE } AVERAGI 
OF GRADE OF OF GRADE O} 
DIET LESIONS” LESIONS LESIONS* LESIONS 
Normal mash 0/10 
Mash plus 2% cholesterol 8/1] 
Mash plus 29, cholesterol al 8/8 
ternated with fasting 
Mash plus 2% cholesterol al 4/12 
ternated with normal mash 
*Numerator represents number of chicks with lesions; denominator represents tot 
chicks in group. 


TABLE II. THE AVERAGE PLASMA CHOLESTEROL VALUES (Ma. IN CHICKS ON VARIOUS 
DIETARY REGIMENS. SERIES I 
AND WEEKS ON DIET 
GROUP DIET 9 10 12 
Normal mash : 96 112 113 


Mash plus 2% cholesterol 212 Zar 354 365 = 256 
Mash plus 2% cholesterol 295 39] 119 
alternated daily with 349* 
fasting 
Mash plus 2% cholesterol 
alternated daily with 
normal mash 


*Bloods drawn while animals were fasting. 
*Bloods drawn while animals were on normal mash regime. 


per cent over the course of the twenty-six weeks on the diet. Autopsy at 
twenty or twenty-six weeks revealed thoracic atherosclerosis in none of the 
chicks. 

Group 2 consisted of sixteen chicks which received the same daily diet as 
that given to Group 1, except that 2 per cent commercial crystalline cholesterol 
was mixed in with the mash. No oil was used. Weight gain was as in Group 1. 
The average weekly plasma cholesterol values ranged from 162 to 454 mg. 
per cent. At twenty weeks on the diet eleven chicks were sacrificed. Eight 
of these eleven animals had thoracic lesions with an average grade of 42. At 
twenty-six weeks, the remaining five chicks were sacrificed; four had lesions 


with an average grade of +1. 


Group 3 consisted of fourteen chicks receiving the 2 per cent cholesterol- 


enriched diet on odd days. On even days the feed trays were removed and 
the animals had no food. These animals gained weight at about 75 pei 

of the rate of the animals receiving an ad libitum diet. The plasma chole 
level on days of cholesterol feeding was in general of the same order as 

of chicks receiving the cholesterol mash diet every day. 

All fourteen chicks had thoracie atherosclerosis at the end of the e 
ment. The eight sacrificed at twenty weeks had an average grading 
while the six sacrificed at twenty-six weeks had a grading of 2. Thes 
mals are seen to have a higher incidence and degree of atherosclerosi 
those receiving the diet every day (Group 2), despite the fact that les 


cholesterol was ingested. The alternately fasted group ate only slight]; 
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than half the food taken by the other groups. Thus these birds did not make 
up for the fast on their feeding days. 

Group 4 consisted of twenty-one chicks. These animals received the 2 
per cent cholesterol-mash diet on odd days; on the even days they were given 
a normal mash diet without the cholesterol supplement. Weight gain was as 
in Groups 1 and 2. The plasma samples drawn on the day when the chicks 
were on the cholesterol-mash diet averaged 196 mg. per cent, definitely lower 
than Groups 2 and 3. The samples drawn on the days when the chicks were 
on normal mash were even lower, being about 143 mg. per cent. At twenty 
weeks only four of the twelve chicks sacrificed had lesions; these averaged 
one-half. At twenty-six weeks, six of the nine chicks sacrificed had lesions, 
these also averaged one-half. 

2. Series Two: Intermittent Feeding—On arrival in the laboratory, the 
chicks in this series were divided into six groups, numbered five to ten and 
immediately placed upon the experimental regimens indicated below. Just 
prior to the time of the ten-week sacrifice, a failure in the thermostatic regula- 
tion of the animal room resulted in the death of a large number of these ani- 
mals. The remaining seventy-four chicks were sacrificed at the end of ten or 
fifteen weeks on the various regimes. Data are summarized in Tables IIT and 
lV. 

Group 5, consisting of thirteen control chicks, was given an unrestricted 
normal mash diet, without supplement, every day. Results were identical with 
Group 1. 

Group 6, consisting of twenty-three chicks, was given an unrestricted diet 
of a 2 per cent cholesterol-enriched mash, plus 5 per cent oil every day. The 
plasma cholesterol level averaged about 1,000 mg. per cent at five weeks, 900 
at ten weeks, and 2,000 at fifteen weeks. At ten weeks, nineteen of twenty 
sacrificed animals had thoracic aortie atherosclerosis, with an average grade 
of |. At fifteen weeks the remaining three chicks had lesions graded at 314. 

(Group 7: Beeause the remaining groups were to receive a 2 per cent cho- 
lesterol-enriched diet only half of the time, it was felt that comparison with 
a group of chicks receiving a 1 per cent cholesterol-enriched diet every day 
wou'l aid in analysis of the results. This group, consisting of eleven chicks, 
was therefore placed on a continuous mash diet, supplemented with 1 per cent 
cho! sterol and 5 per cent cottonseed oil. These animals developed a plasma 
cho! sterol averaging 416 mg. per cent at five weeks, 632 at ten weeks, and 
671 | fifteen weeks. At the ten-week sacrifice seven of eight birds had lesions, 
Wit! .n average grade of 114. At fifteen weeks, the three remaining birds had 
lesi also graded as 115. These results are comparable with other feeding 
ex] ients in which we have fed a similar diet. 

jups 8, 9, and 10: The remaining groups were placed on the inter- 
regime, arranged as follows: For the first week the chicks received 
enriched with 2 per cent cholesterol and 5 per cent oi] on odd days; 
even days, the chicks received the special regime assigned its group, 
i below. During the second week, the chicks received the cholesterol- 
| diet for two days, and then the special regime for two days. These 


we 
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cycles were prolonged one day each week, until by the fifth week the animal 
were on the 2 per cent cholesterol-enriched diet for five days and then on thi 
special treatment for five days. This procedure of intermittent five-day 
periods was maintained for the remainder of the experiment. 

Group 8&8 consisted of chicks which were fasted in the interim periods bi 
tween periods of cholesterol-oil enriched mash feeding as described above. Most 
of these animals sueceumbed during the failure of the room thermostatie eon 
trol just prior to the ten-week sacrifice. The average plasma cholesterols at 
the end of five-day cholesterol] feeding periods were 405 mg. per cent at five 
weeks, 961 at ten weeks, and 1,199 at fifteen weeks. By contrast, the choles- 
terols at the end of the succeeding five days of fasting had fallen to 314, 435, 
and 641 mg. per cent at six, eleven, and sixteen weeks, respectively. The four 
chicks sacrificed at fifteen weeks all showed thoracic lesions with an average 
grade of 11. 

Group 9 consisted of eleven chicks which received normal mash for the in- 
terim periods, between the periods of cholesterol-oil enriched mash feeding, 
as deseribed above. The plasma cholesterols at the end of a five-day period 
on the 2 per cent cholesterol diet averaged 490 mg. per cent at five weeks, and 
270 at ten and at fifteen weeks. At the end of a five-day period on normal 
mash, the average cholesterol values were about 120 at six and eleven weeks, 
and 95 at sixteen weeks. Three of four chicks sacrificed at fifteen weeks, at 
the end of a period on the cholesterol enriched mash, had lesions averaging 
one-half. Three birds placed on normal mash for another five-day period and 
then sacrificed, showed no thoracie lesions. Three remaining birds continued 
on normal mash for two more weeks also had no thoracie lesions, 

These findings have been confirmed in subsequent experiments designed 
differently but bearing on the same problem. Since these newer observations 
were aimed at further development of the subject they will be reported at a 
later date. 


Group 10 consisted of twelve chicks which received the 2 per cent cholesterol 


plus 5 per cent oil mash diet for alternate five-day periods. During the in- 
terim periods these birds received a normal mash diet to which 20 per cent 
cottonseed oil had been added. The plasma cholesterol at the end of a five-day 
period on the 2 per cent cholesterol diet was about 350 at five weeks; it 
about 660 at ten and fifteen weeks. At the end of a five-day period o1 
nermal mash plus 20 per cent oil supplement, the corresponding ave 
plasma cholesterols had fallen to about half these values. Sacrifice at fi 
weeks, at the end of a five-day period on the cholesterol diet, revealed I 
in all five chicks with an average grade of 2. At the end of the subse: 
five days on the 20 per cent oil diet, lesions were seen in all six sacrificed 
these were graded as 114. 

3. Coronary Lesions.—Frozen sections stained with Sudan IV were 
from the hearts of 28 chicks distributed among series two. These show 
sentially the same degree of atheromatosis as that found in the correspo 


aortas. 
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INTERMITTENT DIETARY REGIMES AND ATHEROSCLEROSIS 





DISCUSSION 


The experiments utilizing intermittent dietary regimes provide a basis for 
the concept that in the chick the pattern of cholesterol ingestion plays an 
important role in the tendeney to increased plasma cholesterol levels and to 
atheromatosis (Tables I to IV). They also suggest that the nature of the 
dietary intake in the interim periods may play an important role in the ability 
to unload cholesterol from the blood and tissues. 

The alternately fasted chicks ate less cholesterol per kilogram of body 
weight than did the animals on the full diet, yet these fasted birds had a 
higher degree of cholesteremia and a greater degree of lesions than did 
those on an ad libitum diet. These results suggest that an ample diet serves 
in some way to offer a degree of protection against hypercholesteremia and 
atheromatosis in the chick, even though cholesterol is present in the food. 
The composition of the diet during the intermittent periods is also of im- 
portance, This is demonstrated by the fact that the animals on the inter- 
mittent normal mash diet showed the greatest reduction in plasma cholesterol 
levels, and in a marked tendency for regression of lesions. 

The results given above demonstrate that the feeding of cholesterol re- 
sults, at appropriate age periods,*> in a rapid rise in the plasma cholesterol 
level in the chick. In the course of a few days on the cholesterized regime the 
plasma values may be inereased by fivefold. The ability to unload cholesterol 
from the plasma is also rapid. In the course of a few days on a normal diet 
the plasma level may return almost to normal. The rate of this fall in plasma 
cholesterol is strikingly retarded if the animal is given no food or if it is given 





a diet with a high oil concentration. ; 
These data show that plasma cholesterol regulation is very active in the P 
chick, with the plasma level responding within a matter of days after a change 


in the pattern of the diet. Similar data on the thiouracil treated dog show : 
t] cessation of a cholesterol rich diet is followed within the course of a few ) 
days by a rapid fall of plasma cholesterol and lipid phosphorus.* This regula- 
tion probably involves the rate of endogenous synthesis of cholesterol.’ The 
fining that starvation or a diet rich in oil may reduce the rate of unloading 
ol sma cholesterol also points to a possible role of the gastrointestinal tract 


ho! only in the absorption but also in the elimination of cholesterol and its 
by-.roduets. The enterie tract has also been implicated in our studies on the 


ad mn of aluminum hydroxide gels" or plant sterols to the diet. These 
su nces, although not absorbed, both have the effect of reducing the plasma 
eh erol and the atherosclerotic lesions in chicks fed cholesterol-enriched 
lis unpublished data). 

e tendency to atheromatosis closely parallels the plasma cholesterol 
ley When the plasma level rises, the development of aortie and coronary 
les proceeds rapidly, and in the course of a few days gross aortie lesions 
m seen. The presence of atheromatosis in chicks after a five-day period 
ont cholesterolized diet supports this view. The present experiments dem- 


Ons! -e further that the atheromatous lesions, at least in their early form, 
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may regress rapidly. The fact that the aorta was free of atheromatosis 3 
similar chicks permitted a five-day respite from the addition of cholester 
to the diet suggests that the lesions may be rapidly reversible. Earher studies 
have shown that continuous feeding for long periods may lead to less rapid 
reversibility in some instances.’ 

The present data also enforce the concept that the age period of the ar 
mal is of importance in the development of hypercholesteremia and of athe: 
omatosis.”. We have previously shown that at various periods in the life ot 
the chick, and probably of other animals including man, there is a variability, 
depending on age, in the tendeney to atherogenesis, The data in the present 
study support this contention. This is seen in the faet that the chicks at 
twenty weeks of age showed more severe lesions than at twenty-five weeks 
of age on the same diet. 

Other data'? demonstrate that the ability to absorb cholesterol is limited, 
since dietary cholesterol in proportions of 20 or 50 per cent of the diet pro 
duces no more severe hypercholesteremia or atheromatosis than does a diet 
eontaining 4 per cent cholesterol. This extends earlier work of the depart- 
ment.’ The previous conclusion that the tendency to atheromatosis is de 
pendent upon the total cholesterol] intake per kilogram of body weight* must 
therefore be modified hy our present findings. 

Our data suggest that the hypercholesteremia and atheromatosis attendant 
upon the uninterrupted ingestion of cholesterol has some characteristics con 
sonant with storage disorders. Ineessant ingestion of cholesterol would there 
fore appear to inhibit unloading of the lipid, and thereby facilitate the ce 
velopment of atherosclerosis. Frequent interruptions of this continuous 1 
gime would appear to facilitate the unloading of the accumulated stores fron 
various organs, including the intima of the blood vessels with a regression. o! 
atheromatosis. 

SUMMARY 

The effect of intermittency of diet on the tendency to hypercholestereiia 
and atheromatosis was studied in chicks. 

Continuous feeding of a diet supplemented with cholesterol resulted 1 
an elevated plasma cholesterol] level, and in the production of aortic and 
coronary atheromatosis. The diet of comparable chicks was arranged so tha 
an equivalent amount of cholesterol was ingested in interrupted periods. The 


ne 


plasma cholesterol rose rapidly during these periods of cholesterol feeding 
and animals sacrificed at the end of these periods showed moderate develop 
ment of atheromatosis. During the interval on normal diets, rapid reduc! ions 


in plasma cholesterol were observed; animals sacrificed at the end of this 


period had little or no atheromatosis. Chieks whieh were fasted or \ hic! 
were given an oil-rich diet during the intermittent period showed only a s igh 
tendency for a fal] in plasma cholesterol, and little or no protection ag inst 

atheromatosis. 
These experiments suggest that in the chick intermittent perio: s 0! 
Inst 


freedom from cholesterol feeding may offer a degree of protection 


the atherogenic effects of high cholesterol] diets. 
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We are indebted to Marilyn Dudley, B.S., Phillip Johnson, and Grady Crowley for 


technical assistance in the conduct of these experiments. 
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— the antibacterial effects of the broad spectrum antimicrobial 
agents have been well described, the effect of these agents on human 
nutrition and intermediary metabolism is relatively unknown. Recent investi 
gations have revealed that certain untoward nutritional effeets may be asso- 
ciated with the administration of Aureomycin, terramyein, and chlorampheni- 
col. Vitamin deficiency signs and steatorrhea have been noted during the ad 
ministration of each of these antibioties,’’ and fatty infiltration of the liver 
has been noted in patients receiving Aureomyein or terramyein by Yesner 
and Kunkel® and by Sborov and Sutherland.’ Lepper and his colleagues® have 
also reported fatty infiltration during Aureomycin therapy and have demon- 
strated that Aureomyein and terramyein are capable of produeing fatty ir 
filtration in animals regardless of dietary intake.” In addition, they observed 


that such fatty infiltration could be produced by inactivated Aureomyc 
thus suggesting that the hepatic effect was not a result of changes in the in- 
testinal flora. 

Despite the studies mentioned, beneficial effects of Aureomycin have heen 
reported in patients with chronic hepatitis..°. In view of the apparent con- 
tradiction between these results, this investigation was undertaken in an at- 
tempt to correlate the hepatic and nutritional effects of the administration 
of Aureomycin to patients with liver disease. In addition, sinee it has been 
suggested that fatty infiltration of the liver during Aureomyein administra- 
tion may be due to induced deficiency of or blockade in the utilization ot 
sulfhydryl compounds,’ the effects of supplements of methionine during anti- 
biotic therapy were investigated. During the course of these studies, Gabuzda 
and his colleagues reported the occurrence of negative nitrogen balance and 
increased riboflavin excretion following the administration of Aureomycin to 
undernourished individuals.’! | In their study, stool cultures revealed no con- 


sistent qualitative or quantitative changes in the gastrointestinal flora wich 
correlated with the metabolic effects noted 
MATERIAL AND METHODS 

Three patients with early fatty cirrhosis of the liver and one patient wit! tt 
hepatitis were studied during the administration of Aureomycin.* The diagnoses 01 st 

From the Departments of Medicine and Pathology, State University of New York, ‘ ege 
of Medicine at Syracuse, N. Y. These studies were aided in part by a contract (NONR 1) 
between the Office of Naval Research, Department of the Navy, and the State Unive! ol 


New York. This contract was supported jointly by the Office of Naval Research 
Atomic Energy Commission. 

Received for publication, Nov. 7, 1952. 

*Aureomycin with methyl and propyl paraben obtained through the courtesy Dr 
Stanton M. Hardy, Lederle Laboratories. 
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patients were established by clinical course, liver function tests, and liver biopsy. The 
approximate protein and caloric content of the diets eaten by two of the patients was cal 
lated, but no serious attempt was made to maintain constant food intakes. In these 
sitients urine nitrogen excretion alone was determined. On two other patients complete 
itrogen balance studies were carried out while they were receiving constant diets, The 
dietary intakes and supplements administered to each patient are recorded in Table I. In 
ly one patient, C. W., was the anorexic affect of Aureomycin noted, and this was not 
sufficiently marked to interfere with the intake of a constant diet. Food variety was pro 
ded and intake was controlled by the use of three different diets equal in protein, fat, 


d calorie content, given in rotation, 


TABLE I, DIAGNOSIS, DIETARY INTAKE AND SUPPLEMENTS RECEIVED 


INITIAL DIET 
WEIGHT PROTEIN 
PATIENT LBS. | DIAGNOSIS GM. CALORIES SUPPLEMENT 
fone BB 141 Aleoholic fatty PS 2 650 Folie acid 10 mg. and ascorbic 
cirrhosis acid 300 mg. daily. After 
fatty infiltration occurred, 
received methionine 4 Gm., 
then 8 Gm. daily. 
W. H. 161 Infectious 220* 5,300 3 multivitamin capsules,t and 
hepatitis 4 Gm. methionine daily. 
N.S. 165 Aleoholie fatty 93 3.000 None 
cirrhosis 
GoW. 155 Aleoholic fatty 50 2.000 1 Gm. methionine daily. 


cirrhosis 


Calculated average values, approximate maximum daily variation was 15 Gm. of 
protein and 200 calories. 


‘Mach capsule contained: vitamin A, 5,000 I.U.; vitamin D, 1,000 U.; Thiamin, 2.5 mg.; 
riboflavin, 2.5 mg.; pyridoxine, 0.5 mg.; niacin amide, 20 mg.; calcium pantothenate, 5 mg. ; 


bie acid, 37.5 mg. 


In all patients liver biopsies were performed before, during, and after Aureomycin 


administration, Daily twenty-four hour urine collections were preserved with toluol and 
analyzed for urine nitrogen by the macro-Kjeldahl method. Stools were preserved with 
measured amounts of benzoic acid, and collection periods were marked by the ingestion of 
carmine red, Stool nitrogen was determined by the Kjeldahl method and stool fat was 
det ined by the method of Fowweather.12 After a thirty-day control period, patient 
J. D. with fatty cirrhosis received 3 Gm. of Aureomycin daily for twenty-nine days and 
wi tudied for eleven days after the cessation of Aureomycin ingestion. Patient W. H., 
with acute hepatitis, was followed for eleven days before Aureomycin, then 3 Gm. orally 
an 0 mg. intravenously daily were given for a five-day period. Urine nitrogen studies 
Were carried out for six days after Aureomycin in this patient. In the other two patients 
six 1 seven-day control periods were followed by six and seven days, respectively, of 
« ( Aureomycin daily in divided doses. Metabolic study was continued for four days 
aft \llreomyein in one patient, and for six days in the second patient. 

ver biopsies were obtained with a Vim-Silverman needle using the intercostal ap 
pr Repeated biopsies in each patient were done through the same intercostal space. 
Thy turbidity by a modification of Maclagen’s method,13 cephalin flocculation,!4 serum 
bil n,t5 and bromsulfalein retention (forty-five minutes after a 5 mg. per kilogram 
of t dose) were determined repeatedly in most patients. 

an attempt to determine changes in adrenocortical function during Aureomycin 
ther daily eosinophil counts’6 and repeated urine ‘‘cortin’’ assays!7 were carried out 
on atient.* 


RESULTS 
‘rogen Metabolism.—In all patients, urinary nitrogen was markedly in- 
eres during the period of Aureomycin administration. Although complete 


tained through the courtesy of Dr. Charles W. Lloyd. 
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balance studies were not carried out in the first two patients, the urine nitroge: 





during Aureomyein administration appeared to differ significantly from the fis 





ures obtained during the periods without Aureomyein (Figs. 1 and 2). In thes: 





two patients the nitrogen intake was not controlled and stool nitrogen was not 





analyzed; therefore, a possible negative nitrogen balance cannot be determined 





from figures obtained. In the subjects in whom nitrogen and calorie intake wer 





controlled, negative nitrogen balanee due to markedly increased urine nitroger 





excretion was readily apparent (Figs. 3 and 4). 





The first patient, J. D., was studied originally to determine any relation- 





ship between fatty infiltration and protein metabolism, Unfortunately, urine 
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Fig., 1.—Urine nitrogen excretion decrease when Aureomycin was discontinued. rine 
nitrogen studies on days 1 to 36 omitted due to incomplete collection. Fatty infiltrat ol 
liver during Aureomycin therapy, unaltered by methionine. (Thymol turbidity normal les 1 
less than 30 units; ine ncomplete urine collection. ) 
nitrogen determinations were marred by incomplete collections until the thirty- 
sixth day; after this time, however, collections were complete. During A) reo- 
mycin administration the urine nitrogen varied from 14.4 to 19.4 Gm., averag 
ing 16.5 Gm. This was unaltered by the addition of methionine in doses of 4 
Gm. daily for eight days followed by 8 Gm. a day for six days. After Avireo 


mycin was discontinued the urine nitrogen fell to an average of 11.5 Gm p 
day, with a variation from 9.6 to 15.1 Gm. Although the protein and ¢ oric 
intake was inconstant from day to day, over the two periods the averay. in- 
take was approximately the same. In view of this the decrease in urine | [r0- 
gen after Aureomycin was discontinued is probably a valid observation 
Patient W. H., who was convalescent from acute infectious hepatit ». r- 
quired an extremely high dietary intake because of a ravenous ap) ‘1 
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Methionine in doses of 4 Gm. a day was given throughout the study of this 
patient, and from the eleventh to the sixteenth day he received 3 Gm. of Aureo- 
mycin orally plus 300 mg. of Aureomyecin intravenously in a single injection 
on each of the first four days of this period. The average urinary nitrogen 
excretion during the three-day control period on the maximum dietary intake 
was 18.3 Gm. and during Aureomyein this rose to 22.6 Gm. The latter figure 
might have been higher except for an incomplete collection on one day. When 
Aureomycin was discontinued urine nitrogen fell to 21.8 Gm. daily. In view 
of the high dietary intake which was maintained and the markedly positive 
nitrogen balanee thus produced, the relatively slight fall in urine nitrogen 
after Aureomycin was stopped may have been due to a spontaneous return to- 
ward nitrogen equilibrium. The increase in urine nitrogen excretion during 
Aureomycin administration, however, is apparent. 
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Fig Increased urine nitrogen during Aureomycin despite methionine. (inc. incomplete 


urine collection. ) 


Complete nitrogen balance and stool fat studies were then carried out on 


two patients suffering from alcoholic fatty cirrhosis. Patient N. S. was in 
slightly positive nitrogen balance during the control period, but after two 
days of Aureomyecin negative balance ensued (Fig. 3). This effect persisted 
thro ghout the period of antibiotic administration and positive nitrogen bal- 
ance veturned with the discontinuation of Aureomycin. Stool nitrogen was 
not ered during this study (Fig. 3), and an insignificant decrease in stool 
fat urred throughout the three periods (Table IL). 


ABLE II. Far INTAKE AND STOOL Fat DURING AUREOMYCIN ADMINISTRATION 
(GM. PER DAY) 


| POST- 

| CONTROL AUREOMYCIN | AUREOMYCIN 
Intake 104 104 105 
Stool 7.6 6.2 4.5 
Intake 53.2 52.1 51.1 
Stool 4.8 4.2 1.9 
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Patient C. W. received a lower calorie and protein intake than N.S. an 
was in slightly negative nitrogen balance during the control period follow: 





by a definite increase in nitrogen loss when Aureomycin was given (Tig. 4 





Positive nitrogen balanee ensued when the antibiotic was discontinued. This 





patient received methionine throughout the study with little change in the 





effect of Aureomycin when compared with patient N. S. who received no 





methionine. In this patient, C. W., stool nitrogen was slightly increased 





the administration of antibiotic, but the more marked effeet was that of an 





increase in urine nitrogen excretion. Exeretion of fat in the stool was also 








insignificantly altered in this patient (Table I1). 
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Fig. 3.—Negative nitrogen balance during Aureomycin administration. 


Effect of Aureomycin on Liver Histology and Liver Function Tess. 
Despite the fact that Aureomycin was administered to patients with pre-exist- 
ing liver disease, in only one patient was fatty infiltration increased during 
the period of Aureomycin administration. In this subject, J. D., the «nti 
biotie was given for two weeks before a significant increase in fatty in! |tra- 
tion occurred. The pre-Aureomyein biopsy (Fig. 5) disclosed a nodular type 
of architecture with marked portal searring, lobular disarray, and evide! ’e 0! 
considerable hepatie cellular and nuclear degenerative changes. Fatty eta 
morphosis was minimal at this time. Biopsy on the forty-fourth day, «fter 
fourteen days of Aureomycin, revealed the hepatic cells to be the site 0: very 
severe fatty changes with only a rare cell being spared (Fig. 6). On the itty- 
eighth day, fourteen days after Fig. 6, and with Aureomycin and meth sine 
during the interim, the liver showed the same amount of fat and a te: ency 
toward coalescence of adjacent fatty droplets (Fig. 7). The final bio) y on 








st 
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the sixty-eighth day, ten days after Aureomycin and methionine were discon- 
tinued, disclosed a marked decrease in the amount of fat with only single 
droplets being present in many lobules (lig. 8). Periportal scarring and lobu- 
lar disarray were still evident. In the other three patients no significant effect 
on the liver was noted during the administration of Aureomyein, but it should 
be emphasized that these five- to seven-day periods of Aureomycin administra- 
tion were considerably shorter than that in J. D. It is also to be noted that 
the administration of Aureomyein to J. D. for the first week resulted in slight 
improvement in the histologic appearance of the liver as evidenced by com- 


plete disappearance of the fat. 
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1.—Negative nitrogen balance during Aureomycin therapy despite methionine. 


er function tests in J. D. became slightly more abnormal during the 
adn stration of Aureomycin, but this change was probably not significant. 
Int other three patients these tests were either unaltered or continued to 
imp ' during Aureomyein ingestion. Patient W. H. with convalescent 
hepe’ is showed a steady decrease in serum bilirubin and thymol turbidity 


dur the period of Aureomycin administration. The cephalin flocculation 
also roved slightly, as did the bromsulfalein retention. 


nophil and Cortin Excretion Studies—Adrenal cortex function was 
stud 'y daily eosinophil counts and repeated urine cortin determinations on 
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EOSINOPHIL COUNTS AND URINE CORTIN EXCRETION 
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2 99 12 220 
3 299 13 199 0.6 
4 440 14 0.6 
5 110 1.16 15 266 
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Normal cortin excretion 0.23 to 0.75 meg. daily. 
*Aureomycin 2 Gm. daily from eighth day to fourteenth day, inclusive 














patient C. W. No significant alterations in either of these determinations 
curred during the Aureomvyein period (Table IIT). 








DISCUSSION 














nitrogen exeretion occurs 





results obtained indieate that increased 


The 


consistently during the administration of Aureomyein, but such nitrogen loss 





is not necessarily accompanied by fatty infiltration of the liver. Whether 






negative nitrogen balance precedes fatty infiltration or is entirely independent 






of it cannot be determined from these studies, but the possibility exists that 





prolonged negative nitrogen balance or increased nitrogen catabolism may 






produce increased hepatie fat. Suggestive evidence is present for this possi- 
bility in the results obtained in patient J. D., but the relatively short-term 
studies on the remaining patients yield no evidence on this point. Some data 
are available, however, on the duration of Aureomyein administration neces- 
sary to produce fatty infiltration from the work of Sborov and Sutherland.’ 
, Using Aureomycin over periods of thirty to sixty days they found inereased 
liver fat in only seven of sixteen patients, and some patients developed no 
hepatie change even after sixty days of antibiotic. These results suggest that 











there are individual variations in susceptibility of patients to fatty infiltration 
without definite relation to the duration of therapy. Lepper and associates® 
also have suggested that larger doses of Aureomycin increase the possibility of 
fatty infiltration. Although the studies reviewed’ do not inelude data on 
nitrogen metabolism, it appears that if negative nitrogen balance was induced 
in all patients it did not correlate with fatty infiltration. In view of our re- 
sults the weight gain observed in some patients by Sborov and Sutherland is 











difficult to explain unless deposition of fat or water retention far exceeded the 
loss of body protein. Marked inerease in body fat has been found in animal 






as a result of Aureomycin therapy.'* 






Methionine deficiency as a cause of Aureomycin-induced protein eat: 0- 
lism appears to be unlikely in that no effect in reducing the nitrogen loss | u- 
ing Aureomycin administration was observed when methionine supplen it 
were given to three patients. While the effect of methionine on the rev. \sal 
of fatty infiltration of the liver induced by Aureomycin cannot be eval 
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adequately, the evidence from the first study (J. D.) suggests that methionine 
is unable to reverse fatty infiltration once it occurs during Aureomyein ad- 
ministration. The use of choline has not been studied in this regard, but an 
Aureomycin-induced choline deficiency would appear to be unlikely in view of 
the studies of de la Huerga and Popper who found that choline absorption was 
increased by the administration of Aureomycin.'® This finding renders im- 
probable the hypothesis that choline deficiency produces the fatty infiltration 
of the liver observed during Aureomycin therapy. 


EEC Te 


ieee Roe a : 


Ey 4 
,. ee 
‘ 


ig. 5.—Liver biopsy, J. D., twenty-seventh day of study, before Aureomycin administra- 
The portal scarring, lobular disarray and hepatic cell degenerative changes are marked 
ere is no evidence of fatty metamorphosis. (Hematoxylin and eosin stain 265.) 
=. 6.—J. D., biopsy forty-fourth day, after fourteen days of Aureomycin administration. 
showing evidence of severe fatty metamorphosis in nearly every hepatic cell. (Hema- 
and eosin stain X 265.) 


connection with this action of Aureomycin, Baxter and Campbell?° 
‘bserved that Aureomycin reduced the mortality, renal damage, and, 
esser extent, the liver lipid content of rats receiving choline deficient 
Their results are of particular interest in regard to liver lipids and 
that either species differences, dosage, or diet variation may account 
protective effects they noted which are in contrast to the findings in 
beings and in rats studied by other workers.*® 
significant effect of Aureomycin on nitrogen or fat absorption in these 
patie: 's was observed. The character of the stools was unchanged, and it is 
appar nt that in the absence of diarrhea, the antibiotic does not increase stool 
nitros 1 or fat loss. Although Merliss and Hoffman® have reported the devel- 
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opment of steatorrhea-like symptoms following antibiotic therapy, we hav 





not observed this in our patients, and our analyses reveal no tendeney for stoo 





fat to be increased. These results, however, may not apply to all patients 





receiving Aureomycin. 





The mechanism of the catabolic or anti-anabolie effect of Aureomyei 
cannot be delineated, but the similar inereased nitrogen loss observed during 


ACTH and cortisone plus the reports of fatty infiltration of the liver in an 






mals followine administration of these hormones?’ 22 and in man following 





cortisone” led us to study adrenal cortical funetion during Aureomyein adminis 





tration. The results of these studies in one patient suggest that there is no stimu 





lation of the adrenal cortex which could account for the negative nitrogen 





balanee. 
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Fig. 7.—J. D., biopsy fifty-eighth day, fourteen days after the biopsy shown in Fig. 6, 
Aureomycin and methionine treatment during interim. Lobules demonstrating severe tty 
metamorphosis with a tendency for coalescense of adjacent droplets. (Hematoxylin and 1 
eosin stain 265.) ty 
Fig. 8. J. D., biopsy sixty-eighth day, ten days after Aureomycin and methionin ere 
discontinued. Nearly complete disappearance of the fatty changes although evidence of ! ular 1D 
disarray is still present. (Hematoxylin and eosin stain, 265.) 
m 
The phenomena observed may be due either to a direct toxie effect on re 
various enzyme systems or perhaps to interference in the utilization of certain L 
vitamins such as riboflavin.1! The studies of Gabuzda and his colleagues. \0W- al 
ever, do not eliminate the possibility that the increased exeretion of ribo!!avin ni 
is but a reflection of the negative nitrogen balance. Excretion or retention © this 
; tw 


vitamin has been demonstrated to parallel nitrogen anabolism or eatabo! sm. 
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Negative nitrogen balance induced by Aureomyein does not affect the 
removal of fat from the liver which normally occurs when a patient is offered 
an adequate diet. During brief periods of Aureomycin therapy in the two pa- 
tients on whom balance studies were done, either no change or improvement 
in the fatty infiltration was observed. Even in patient C. W., the histologic 
appearance of the liver improved despite a relatively prolonged period of neg- 
ative nitrogen balance due to nitrogen loss during the control period. This 
observation indirectly confirms the work of Eckhart and associates® who 
observed that negative nitrogen balance did not prevent elinieal and liver 
function test improvement in patients with fatty cirrhosis. 

The results of this investigation in human beings differ from the results 
observed in young fowls and animals in whieh Aureomyein has heen reported 
to induce increased growth.?° The differences observed may be due to smaller 
dosage used in the animal and fowl studies, to differences in the metabolic re- 
sponse of different species, or to differences in metabolic response between ma- 
ture and voung animals. Further studies with different dose schedules and eon- 
tinued investigation of the possible mechanisms of this protein catabolic or anti- 
anabolic effect of Aureomyein in human beings are indicated. 

As a therapeutic agent for hepatitis and cirrhosis Aureomyein would ap- 
pear to possess disadvantages as judged by these results. If fatty infiltration of 
the liver and increased nitrogen catabolism are used as criteria of deleterious 
effects upon liver disease, this agent should perhaps be used with caution. 
Final judgment, however, must be reserved in view of the relatively few patients 
studied and the lack of evidence of serious hepatie deterioration as judged by 
the function tests employed. In disease states in which protein anabolism is 
therapeutically desirable, however, the prolonged use of Aureomyein is probably 
undesirable. 


SUMMARY AND CONCLUSIONS 


The effects of Aureomyein upon nitrogen metabolism, liver histology, and 
function tests were studied in three patients with aleoholie fatty cirrhosis 
in one patient with convalescent hepatitis. In all patients urine nitrogen 
tion was increased during antibiotic administration and in two subjects 
ing constant diets negative nitrogen balance occurred. Nitrogen excre- 

tion was unaffected by the simultaneous administration of methionine. 

‘atty infiltration of the liver was observed after two weeks of Aureo- 
mye therapy in one patient, and was not reversed by the concurrent adminis- 
tration of methionine with Aureomyecin for another two weeks. Reversion to 
pre-.\reomyc¢in appearance of the liver was found ten days after Aureo- 
mye: was stopped. Liver histology was improved or unchanged in the three 
rema ing patients who received Aureomycin for only five to seven days. 


Live: histology changes in one of these patients who received Aureomyein 


alone were not different from those in the two patients who received methio- 
nine » nd Aureomyein. 

* ool nitrogen and fat were not significantly altered by Aureomyein in 
two p. tients so studied. 
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Liver function tests became slightly more abnormal in one patient. in 


whom fatty infiltration was produced but were unchanged or improved in th 


er three patients. Blood eosinophil counts and urine ‘‘cortin’’ determina 
iS In One patient were not significantly altered during Aureomyecin. 

The results obtained indicate that Aureomycin produces protein catabo 
1 or anti-anabolism by mechanisms as yet unknown. Supplements of methio 
e do not reverse this effect on protein metabolism. No definite correlation bi 
en increased nitrogen excretion and fatty infiltration of the liver was ol) 


served in short (five to seven days) periods of Aureomycin administration. 


Acknowledgment: The authors wish to express gratitude to Mrs. Clarice Shepard a1 


Miss Phyllis Utter for the preparation and administration of the diets used. 
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THE EFFECTS OF LARGE DOSES OF CORTISONE ON TESTICULAR 
MORPHOLOGY AND URINARY GONADOTROPHIN, ESTROGEN, 
AND 17-KETOSTEROID EXCRETION 
WILLIAM QO. Mappock, M.D., PH.D.,* ANp JoHN D. CHaAse, M.D.,* Detroit, Micu.. 
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omit elevated urinary gonadotrophin levels have been observed dur 
ing cortisone and ACTH therapy,’ * the mechanisms responsible for this 
increase are not clearly understood. The occurrence of amenorrhea, as well as 
diminished sexual potency and libido in’ patients receiving cortisone and 
ACTH* * suggests that decreased gonadal function may aecount for the in- 
crease in urinary gonadotrophin exeretion. Other workers, however, have 
reported reappearance of menses following cortisone? and ACTH® therapy in 
young women having *‘secondary amenorrhea,’’ suggesting a beneficial gonadal 
effect of cortical steroids. Obviously, more direct observations are necessary 
for determining the effects of cortical hormones on gonadal function. 

Therefore, testicular biopsy specimens and twenty-four hour urine specimens 
for assay of gonadotrophins, estrogens and 17-ketosteroids were obtained before 
and during treatment with large amounts of cortisone in four adult men having 
rheumatoid arthritis. The objectives of this study were to determine the effects 
of eortisone on testicular function and thereby to obtain information concern- 
ing the mechanisms by which cortisone produces increased urinary gonado- 
trophin exeretion. 

The elinieal features of each of the patients and the effeets of cortisone 
therapy on the arthritis are described elsewhere in detail.’ It is relevant to 
this discussion that no evidence of abnormal testicular function was obtained 
from history and physical examination in any of the patients. Each patient 
received intramuscularly every six hours an aqueous suspension of cortisone 
acetate, containing 25 mg. per cubie centimeter. The average daily dose was 


re 


approximately 500 me. The length of treatment before repeat studies 
performed ranged from twenty-two to thirty-six days. Individual dosage 


schedules are listed in Table I. 
METHODS AND RESULTS 


Urinary gonadotrophins were concentrated by ultrafiltration and assayed 
in immature female rats, as previously deseribed.. The concentrate from a 
twelve-hour aliquot of urine was administered to each rat. Results are expressed 
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in Table I as average ovarian weights. Gonadotrophin exeretion inereased in 
each of the three patients in whom assays were performed before and during 
therapy. In patient G. II. toxicity of extracts prepared from urine obtained 
before therapy prevented assay; gonadotrophin levels during therapy, how- 
éver, were much higher than those present five months after stopping therapy. 
During therapy gonadotrophin excretion was greater than normal in each 
patient. Before therapy gonadotrophin exeretion was not elevated, except in 
patient A. S., the only patient in whom pretreatment testicular biopsy revealed 
extensive damage. 


Urinary estrogens were assayed in immature female rats, using uterine 


weight as the assay end point. The details of the method are described in % 
previous publication.® At least four rats were used in each assay. Alpha- 
estradiol benzoate was employed as the reference standard and results are 
expressed as the equivalent biological activity of this estrogen in micrograms 
per twenty-four hours. No marked alterations in estrogen excretion occurred 
during therapy. Urinary estrogen levels were within the range for normal 
men in patients J. M. and A. B. both before and during therapy. Patient 
A. S., in whom testicular biopsies revealed much less than normal numbers of 


Leydig cells, exereted less than normal amounts of estrogen before and during 


; treatment. Patient G. H. excreted normal amounts of estrogen during therapy, 
e but five months after therapy an unexplained high level was observed. 

0 Urinary 17-ketosteroids were determined by the method of Drekter and 
Ss associates.!° Pretreatment values were within our range for normal men, 


\- except in patient A. S., in whom levels were definitely lower than normal. 
0- During cortisone therapy 17-ketosteroid excretion was 3 to 15 mg. greater 
than pretreatment levels. 


ie Testicular Morphology.—Before therapy normal Leydig cells and = only 
to minor defeets of seminiferous tubules were observed in three patients. Biopsy 
od specimens obtained after twenty-two to thirty-six days of cortisone therapy 
nt revealed little change. Although less peritubular fibrosis was present during, 
ne than before, therapy in both patients A. B. and J. M., spermatogenesis appeared 
“as improved in patient A. B., whereas the repeat biopsy specimen of patient J. M. 
re showed a tendeney toward arrest of spermatogenesis. The seminiferous tubules 
ve of patient G. H. did not change remarkably. Leydig cell morphology during 

therapy was quite similar in each instance to that present before therapy. In 


patient A. S. severe defects of both seminiferous tubules and Leydig cells were 
observed before therapy and these defects were not remarkably altered by the 


od adinin istration of cortisone. 

¥ minal fluid specimens were collected by patients G. H. and .J. M. before, 
sed durin’, and after therapy. Two specimens obtained during the week preceding 
ity therayy contained 151 and 76 million sperm per milliliter in patient G. H. and 
164 #1125 million sperm per milliliter in patient J. M. These somewhat high 
a num! vs of sperm may have been related to absence of ejaculation for several 
cal weeks receding collection of samples. Specimens collected at weekly intervals 
in durins treatment contained similar numbers of sperm in both patients, ranging 


‘rom ~ to 58 million per milliliter. Specimens collected by patient G. H. five, 
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nine, sixteen, and one hundred twenty-seven days after stopping therapy con 





tained 34, 17, 18. and 21 million sperm per milliliter, respectively. The semina 






fluid of patient J. M. collected four, seventeen, and one hundred seventeen day 






after stopping therapy contained 25, 102, and 25 million sperm per millilite: 






respectively. No significant alterations were observed in sperm motility an: 






morphology, or seminal fluid volume. 






None of the patients noted any change in libido or number of erections. 







DISUSSION 


The absence of regressive changes in testicular morphology suggests some 





explanation other than depressed gonadal function to explain the increased 






urinary gonadotrophin exeretion observed during cortisone therapy. Smith has 





suggested increased renal clearance to account for the elevation ino urinar 





vonadotrophins.” If this were the only mechanism, renal loss of gonadotrophins 





should result in decreased blood levels of hormone, and consequently regressive 






changes in testicular morphology might be expected. Sinee such changes were 





not observed, increased pituitary seeretion of gonadotrophins, resulting in 






elevated blood levels of hormone, is postulated as a more plausible explanation 






for the inereased exeretion of vonadotrophins in patients receiving cortisone. 





















Although definite elevations in gonadotrophin excretion were demonstrated, 
the assavs did not indicate whether follicle-stimulatinge hormone (FSH), inter 
stitial cell-stimulating hormone (ICSH, also known as luteinizing hormone, LI 
or both, were increased. Since human Levdie cells respond to stimulation 
with ICSH by producing increased amounts of estrogen,” |! and since estrogen 
excretion did not increase in these men receiving cortisone, it is concluded that 
ICSH secretion was not appreciably altered. Thus, the elevation ino urinary 
gvonadotrophins is most likely a result of Inereased pituitary FSH) secretion. 
The lack of seminiferous tubule and seminal fluid changes in these patients 
recelving cortisone does hot preclude elevated blood levels ot ESH, since it S 
not been demonstrated that adult human seminiferous tubules are capable of 
undergoing recognizable changes in response to greater than normal levels ol 
FSH. 

Although, to our knowledge, there is no information, other than our data, 
concerning the effect of cortisone on estrogen excretion in “normal” men or 
women, Nathanson and co-workers’ found little change in photofluorometrically 
determined “estrogens” in men receiving ACTH. In women treated with ACT I, 
however, they observed a marked inerease in estrogen exeretion. Spracue, 
Albert and co-workers,’ using a biological method of assay, have also obse) ved 
increased estrogen exeretion in women treated with ACTH. This appavent 
difference in response of the sexes to ACTH may be explained by the hypot! esis 
that excess cortisone (or similar cortical steroids) causes increased pitt ‘\ 
secretion of FSH, but not ICSH. Although FSH, acting in conjunction ith 
ICSH, stimulates ovarian estrogen seeretion,’® ' in. the male, ICSH, not | 3H. 
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stimulates Leydig cells’ resulting in increased estrogen production. In 


aceord with these concepts, we have observed that a pituitary eonadot! nl 
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preparation containing mainly FSH produces a marked inerease in estrogen 
excretion when administered to women, but little change when administered 
to men.'” 

Another possible explanation for the increased gonadotrophin excretion 
observed during cortisone and ACTH therapy is that adrenal cortical steroids 
might produce increased urinary exeretion of a nonhormonal *‘augmentor.’’ 
This hypothesis, however, would not explain the increased estrogen excretion ob- 
served in women, but not in men, receiving ACTH. Furthermore, we have been 
unable to detect any augmenting substances in the urine of a man receiving cor- 
tisone (75 mg. orally per day) for the treatment of hypopituitarism. Extracts of 
his urine, which did not contain detectable amounts of gonadotrophin, failed to 
augment human gonadotrophin prepared from urine of a postmenopausal 
woman. 

Only moderate increases in 17-ketosteroid excretion were encountered, even 
in the patient who was receiving 800 mg. of cortisone acetate daily when repeat 
studies were performed. The changes were similar to those found by other 


workers using much smaller doses,*: * sugeestine that the mechanism for eon- 
version of cortisone to 17-ketosteroids is easily *‘saturated,’’ thus limiting this 


pathway of metabolism of cortisone. 


SUMMARY AND CONCLUSIONS 


Testicular function was studied in four adult men who received large doses 
of cortisone for the treatment of rheumatoid arthritis. Testicular biopsy speci- 
mens and urine for assay of gonadotrophins, estrogens, and 17-ketosteroids were 
obtained before and after twenty-two to thirty-six days of therapy, during which 


+ 
( 


me each patient received a total of 10.5 to 17.5 Gm. of cortisone acetate. Al- 


though gonadotrophin exeretion increased in each patient during therapy, no 


msistent changes occurred in testicular morphology or estrogen excretion. It 
is concluded that these observations are best explained by the hypothesis that 


C 


tisone ¢auses an inereased pituitary secretion of follicle-stimulating hormone 
FSH), with relatively little change in interstitial cell-stimulating hormone 
ISH.) seeretion. 

Increases in 17-ketosteroid excretion were similar to those found by other 
Workers using smaller doses, suggesting that this pathway of metabolism of 


cortisone is easily ‘‘saturated.”’ 


he authors wish to thank Drs. Guy Sewell and Albert Albrecht of the Urological Service 
City of Detroit Receiving Hospital for their cooperation in obtaining the testicular 
bi specimens. 
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BILIRUBIN AND PROTEIN IN THE CEREBROSPINAL FLUID OF 
JAUNDICED PATIENTS WITH SEVERE LIVER DISEASE 
WITH AND WITHOUT HEPATIC COMA 
Donatp S. AmAtuzio, M.D.,* LoweLL J. WrEBerR, M.D., AND 
SAMUEL Nesbitt, M.D., PH.D. 

MINNEAPOLIS, MINN. 


N 1918 van den Bergh' applied the Ehrlich-Présecher diazo reaction for 
| bilirubin to its detection in biological fluids. There has been disagreement 
regarding the nature of xanthochromie cerebrospinal fluid in jaundice, Froin’s 
syndrome, meningitis, and following hemorrhage. Bilirubin has been demon- 
strated by chemical means in the cerebrospinal fluid in hepatie and obstructive 
jaundice,?> Weil’s disease, epidemie and-tubereulous meningitis,? and the Froin 
syndrome.® Bilirubin occurs physiologically in the cerebrospinal fluid of pre- 
mature infants and icterus neonatorum.” * The statement is frequently en- 
countered>?° that because of the blood plasma-cerebrospinal fluid barrier, bili- 
rubin occurs in the cerebrospinal fluid only in severe icterus of long standing, 
particularly in obstructive icterus. Also it has been stated'’ that the occurrence 
of xanthochromie cerebrospinal fluid in a patient with mild icterus is a point in 

vor of the diagnosis of Weil’s disease. In view of a somewhat confused and 
contlicting literature, the present study was undertaken. 


MATERIAL AND METHOD 


The control group consisted of 18 normal men. The serum bilirubin and the cerebro 





| fluid protein, cell count, and bilirubin content were determined. These same determina 
were done on 10 consecutive patients with decompensated portal cirrhosis of the liver 
ad been jaundiced from one to four weeks. Eleven consecutive patients in hepatic 
7 with portal cirrhosis and 4 with homologous serum hepatitis) were similarly in 
rated. These patients presented neurological manifestations which included mental con 
, listlessness or agitation, hallucinations, disorientation, somnolence, and profound coma. 
logical findings included hyporeflexia, absent response to painful stimuli, presence of 
g reflex, positive Babinski response, and fecal and urinary incontinence. It should be 
ned that the cerebrospinal fluid Wassermann reaction was negative in all subjects 
ed in this study. 
he serum and the cerebrospinal fluid bilirubin were determined according to the 
of Malloy and Evelyn11 as modified by Ducci and Watson,!2 and the cerebrospinal 


otein by the method of Ling.13 
RESULTS 


the control group the mean blood serum bilirubin was 0.10 + 0.03 mg. 


: . . . =. ‘ TN. T 
pr nt in one minute with a total of 0.76 + 0.30 mg. per cent (Table 1). No 
MI m the Veterans Administration Hospital and Department of Medicine, University of 
at ta. 

blished with the approval of the Chief Medical Director. The statements and conclu- 
t} lished by the authors are the result of their own study and do not necessarily reflect 


nm or policy of the Veterans Administration. 
eived for publication, Nov. 28, 1952. 
esent address: U.S. Naval Hospital, Oakland, Calif. 


615 

























616 AMATUZIO, WEBER, AND NESBITT 








bilirubin was found in the spinal fluid. The cerebrospinal fluid protein was 
found to have a mean value of 49.28 + 9.27 mg. per cent. The leukocyte count 
ranged from 0 to 4 per eubie centimeter. 
As shown in Tables I and IT, bilirubin was present in the cerebrospinal fluid 
of & of the 10 jaundiced patients with decompensated portal cirrhosis, with a 
mean value for the group of 0.08 mg. per cent in one minute, and a total ot! 
0.11 meg. per cent, The corresponding blood serum bilirubin was found to have 
a mean value at one minute of 8.06 + 5.47 mg. per cent, with a total of 15.08 
7.88 me. per cent (Table IL). The cerebrospinal fluid protein had a meat 
value of 48.40 + 13.79 me. per cent which was not signifieantly different on 
comparison to the normal. The cell count was not increased (Tables I and I] 
Also as seen in Tables I and III, bilirubin was present in the cerebrospinal! 
fluid of 10 of 11 patients in hepatic coma with a mean value of 0.26 + 0.08 me. 
per cent at one minute and a total of 0.35 + 0.14 me. per cent. The correspond 











TABLE T. MEAN VALUES OF SERUM AND CEREBROSPINAL FLUID IN THE NORMAL AND 
LIVER DISEASI 


SERUM CEREBROSPINAL FLUID 
BILIRUBIN BILIRUBIN 
(MG. %) (MG. Jo) PROTEIN W.B.C. 
GROUP NO. ty | TOTAI 1’ TOTAI (MG. % (NO. ) 
Normal 1S 0.10 0.76 0.0 0.0 19.3 0-4 
Cirrhosis 10 8.1 13.1 0.08 0.11 tS.4 0-2 
Hepatic coma 1] 11.1 16.2 0.26 0.55 98.9 0-4 


TABLE II. SkeruM AND CEREBROSPINAL FLUID VALUES IN DECOMPENSATED PorTATL CIRRHOS 


SERUM CEREBROSPINAL FLUID 
BILIRUBIN BILIRUBIN 

(MG. %) (MG. %) PROTEIN W.B.C 

PATIENT 1’ rovTaL * TOTAI (MG. %) (NO. 
R. H. 15.0 22.0 0.1 0.1 58 1 
R. C. 5.0 9.0 0.2 0.2 62 2 
45, 15.0 21.5 0.0 0.1] D4 0 
H. M. 10.5 17.0 0.2 0.2 58 2 
a 68 13.5 91.5 0.0 0.0 31 fay 
fa 2.5 1.5 0.1 0.1 56 l 
ie 2.2 1.7 0.0 0.0 10) (0) 
Pe et 9.7 16.7 0.1 0.1 57 0 
Aaa. 6.8 13.0 0.1 0.2 20 2 
L. W. 0.4 0.9 0.0 0.1 48 0 
x 8.06 + 5.47 13.08 + 7.88 0.08 0.11 18.40 + 13.79 0-2 


ing blood serum had a mean bilirubin of 11.09 + 7.11 me. per eent at 
minute, with a total of 16.20 + 9.37 mg. per cent. The cerebrospinal flvid 
protein value was elevated in each of this group, with a mean value of 98.9 
37.50 mg. per cent (Tables I and III). Contrasted with the protein value ot 
the control group this inerease is highly significant (p <0.01). The cell « 
Was not increased. 


DISCUSSION 


It has been appreciated in the past that the presence of bilirubin in le 


cerebrospinal fluid is abnormal. It would appear that in patients with sé 
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disease of the liver bilirubin appears in the cerebrospinal fluid more commonly 
than has heen appreciated generally. It is also evident that the jaundice need 
not be intense nor of long duration. The bilirubin in the cerebrospinal fluid is 
almost quantitatively the prompt reacting variety which is probably due to a 
diffusion from the stained tissue into the cerebrospinal fluid. (A comparison of 
differences of the mean between the one minute and total reacting bilirubin was 
not significant.) There was no correlation between the amount of bilirubin in 
the cerebrospinal fluid and the degree of hyperbilirubinemia: i.e., patient A. C 
showed no bilirubin in the cerebrospinal fluid when the serum value was 13.5 
me. per cent at one minute and a total of 21.5 mg. per cent. 

Particularly noteworthy was the demonstration of a significant increase in 
the cerebrospinal fluid protein of the group in hepatie coma whieh has not 
previously been reported. The cause of this is not clear, although it may reflect 
damage to the central nervous system. The cerebrospinal fluid was abnormal in 
‘ach patient in hepatie coma, the protein being elevated in all and bilirubin 
present with but one exception. Without awareness of this phenomenon it can 
be appreciated how confusing might be the finding of xanthochromie cerebro 
spinal fluid with elevated protein content in a patient presenting with the 
neurological manifestations of hepatic coma and whose liver disease has not 


heen recognized. 


TABLE IIT. SerRUM AND CEREBROSPINAL FLUID VALUES IN HEPATIC COMA 


| SERUM | CEREBROSPINAL FLUID 
BILIRUBIN BILIRUBIN 
(MG. J) MG. % PROTEIN W.B.C. 
IENT 1’ TOTAL il TOTAL (MG. %) (NO. 
P: 1.1 3.5 0.0 0.0 97 2 
l. 21.0 29.0 0.3 0.4 100 0 
Ss. (2 10.8 0.1 0.2 108 2 
s.1 YA 13.8 0.4 0.4 92 
\.4 4.5 5.0 0.0 0.2 84 S 
Lt 7 13.0 0.2 (2 66 ) 
tg 15.5 23.0 0.2 0.5 75 2 
H.t 17.5 21.5 0.8 0.9 202 4 
H SZ 6.1 0.1 0.1 62 ] 
K ees 27 0.6 0.7 106 2 
& 19.0 95.0 0.2 0.3 96 3 
11.09 = 7.11 16.20 = 9.37 0.26 = 0.08 0.35 + 0.14 98.91 + 37.50 0-4 


Cirrhosis, alcoholic. 


Homologous serum hepatitis. 

SUMMARY 
Bilirubin was demonstrated in the cerebrospinal fluid of 8 of 10 jaundiced 
uts with decompensated portal cirrhosis. The cerebrospinal fluid protein 
iot increased in this group. 
bilirubin was demonstrated in the cerebrospinal fluid of 10 of 11 patients 


i «patie coma (7 with portal cirrhosis, 4 with hepatitis). The cerebrospinal 
HN protein was elevated in each instance, the difference of the mean value 
Ci ired to the value of the control group being highly significant. This finding 


sy ‘t previously been reported, Jn no instance was the cell count altered 
ai ormal, 
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— ELECTROPHORESIS WITH SPECIAL 


FILTER PAP 
ERENCE TO URINARY PROTEINS 


REEFE 
ROBERT J. SLATER, M.D., AND HENRY G. KuNKEL, M.D. 
New York, N. Y. 


KI 
RI 
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N THE course of investigations relative to the application of zone electrophore- 
| sis in a filter paper support, a study of urinary proteins present in pathologic 
states was undertaken. This promised to be of interest in view of the findings 
already demonstrated by the method of electrophoresis in free solution.’* The 
technical simplicity of the filter paper method augments the advantages that 
only very small quantities of material are required, and several analyses can 
be carried out simultaneously under identical conditions. The method has 
already proved useful in the eharacterization of sera*’ and spinal fluid.'’  How- 
ever, there have been evident certain difficulties in the physical setup as it has 
evolved thus far, and it became apparent early in the study of urinary proteins 
that some improvements in the basie technique were necessary. 

This report deals with some of the teehnical problems and limitations en- 
countered in filter paper electrophoresis and presents some of the findings 


varding the great variation in the components of the urinary proteins. 


EXPERIMENTAL 


1. Methods.—Random specimens of urine were collected from patients with a variety 


liseases. Quantitative estimation of the urinary protein content was carried out using 





the sulfosalicylie acid and methanol method of Bernard!! and (b) the gravimetric method 
Van Slyke.12 


For purposes of filter paper electrophoresis only small quantities of material were 


necessary, each separation requiring 0.005 milliliter. Depending upon the amount of protein 
| nt 1 to 15 ml. of urine was concentrated to 0.2 to 0.38 ml. by dialysis in 25 per cent 
is polyvinyl pyrrolidone (suggested by the work of Schneider and Wallenius with 
ranl0), Dialysis with barbital buffer was effective in resolving precipitates which appeared 
urines became increasingly concentrated, 
he method of zone electrophoresis was essentially that described previously.8 One 
S f Whatman No. 3 MM filter paper was cut to fit between two glass plates, 11 by 25 
by m., and to extend about 4 em. beyond each end. After dampening the paper with 
buffer pH 8.6, 1/2 0.1, and blotting, 0.005 ml. of the material to be analyzed was 
with a specially calibrated micropipette* to pencil spots previously marked across 
er of the paper. The spots were at least 1.5 em. apart. After enclosing the paper 
the siliconed surfaces of the glass plates, the sides were sealed with silicone grease, 
clamps placed on each side to press the plates together, and the free ends of the 
p immersed in the tanks of electrolyte solution. Application of a direct current across 
effected good separation of the protein components in ten to twelve hours, depend 
Ing the potential applied which was regulated by a potentiometer. 
n the Hospital of The Rockefeller Institute for Medical Research. 
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A normal serum, to which a few crystals of bromphenol blue were added to label t] 
albumin, served as a guide during the separation and as a normal control. The albumin wa 
arbitrarily permitted to migrate 7.5 cm. from the origin. At the completion of the separ: 
tion the paper was immersed for two minutes in a solution of | per cent bromphenol bli 
in 9) per cent alcohol saturated with mereurie chloride. It was then washed repeatedly wit 
1/1,000 acetic acid solution and dried at room temperature on a nonabsorptive surface. 

All patterns were run in duplicate. One pattern was sectioned into 0.5 em. segmer 
and the dye quantitatively eluted by 1.5 ml. of 0.01N sodium hydroxide and the color re: 
after one hour in a Coleman, Jr., colorimeter at 575 X. 

2. Details Requiring Special Consideration. Under the conditions of the experiments 
repeated tests revealed that too great a current intensity resulted in lack of uniform sey 


aration and some smearing of the components of the patterns. A relatively low current pr 






duced well-detined patterns, For example, with a potential of 12 to 15 volts per centimete! 


developing a current of 12 to 15 milliamperes for five to six hours, the pattern spots wer 


not as well circumscribed as with 


potential of 4 to 5 volts per centimeter and a curre 
of 5 to 6 milliamperes operating for ten to twelve hours. These factors varied from = on 
experiment to another depending upon the over-all resistance of the unit, which was dete 
mined by the size and dampness of the paper strip. However, the optimum field strength wa 
readily ascertained after a few tria's. 

The moisture of the paper also played an important role in the eventual clarity of 
the pattern. If the paper was too moist with buffer when the protein spots were applic: 
and during the separation, smearing oecurred. Tt was found that after briefly encasing 1 
dampened filter paper between sheets of absorbent blotter, a medium degree of moistur 
remained. Under these conditions 0.005 ml. of serum diffused to produce a spot 7 to S mn 


in diameter. 


{ 


} 


Intrinsically associated with the moisture of the paper was the problem of uniform 


pressure between the glass plates. The method of paper electrophoresis used sueccesstul 


\ 


by Durrum,®: 1 employing a system with the paper suspended in an atmosphere saturated 


with buffer, avoids the pressure problem. However, this method also has some disadvantages, 


varticularly relating to moisture regulation and control of evaporation and makes difficult 
J I 


the assessment of relative mobilities. In the present work a degree of pressure sufficient t: 


) 


maintain the paper in a moderately moist state was developed by four two-inch bulldog 


clamps using the size of plates described above. Occasionally irregular distribution of pres 
sure resulted in local variation of buffer content in the paper, and consequently irregular 


patterns. A pressure of 1 lb. per square inch was found most suitable. 


TABLE I. DIAGNOSIS AND URINARY PROTEIN VALUES OF THE CASES PRESENTED IN. FIGS. 
3, 4,5, 6, 7, AND 8 


URINARY PROTEIN 


SULFASALICYLIK GRAVIMETRI¢ 
CASE DIAGNOSIS ACID PPT, GM./LITER 
(A) Multiple myeloma 2+ 5.1 
(B) Multiple myeloma t+ 29.7 
(C) Multiple myeloma 2+ 6.2 
(D) Hepatitis tr 5 i 
(E) Cirrhosis of the liver 24 6.5 
(F) Nephrosis 2+ 7.9 
(G) Nephrosis 2+ Tod 
1) Nephrosis 2+ 7.4 
(1) Mental retardation 1+ 1.1 
(J) Nephrosis 3+ 11.6 
(K) Nephrosis v4 2.5 
(L) Nephrosis | $4.4 
(M) Nephrosis $+ 24.0 
(N) Nephrosis $4 24.0 
O) Nephrosis $ 
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In regard to the reproducibility of the staining method, two minutes’ exposure of the 


patterns to a fresh solution of bromphenol blue sufficed to produce maximal color. immersion 


of the paper for three minutes or longer achieved no greater intensity of color, Further 


more, the components of normal serum patterns produced simultaneously on the same sheet 


f paper showed very similar staining characteristics. When measured quantitatively by dye 


elution, the standard deviation was 0.01 O.D. unit. 


In certain of the electrophoretic separations the dye-labeled albumin component flattened 


as it approached the anodal end of the paper. This resulted from the electro-osmotic flow 


of concentrated buffer from the exposed section of paper which was subject to evaporation. 


Che 


sit 
tut 


anomaly was prevented by covering the exposed area with domestic waxed paper. 


\dsorption represented the most serious limitation in the use of paper for zone electro 


phoresis. Slight trailing of the albumin component was a consistent finding. Radio 


ographs of tracer-labeled albumin illustrated the trailing in the path of migration. The 


adsorption of y globulin was more pronounced than albumin. In recent studies! this 


anomaly was also shown to interfere with the characterization of serum lipoproteins and 


vsozyme, The adsorption is chiefly of an irreversible tvpe that is not dependent on pro 


tei 








n concentration. As a result it becomes most apparent with dilute protein solutions 
where a considerable portion of the protein is consumed in the path of migration. This 
att. 
at 5 
1. 
Bs 
C. 


con 


pro 


Preli 





Fig. 1.—Illustration of the adsorption of protein by filter paper in the path of migration 
(A) normal human serum, (B) 5 per cent human albumin, (C) serum from a patient 
cirrhosis of the liver are returned to the origin by reversal of the current following elec- 
retic separation. The trailing was more apparent before reproduction 


is somewhat less apparent in serum where the majer protein components are at a 
meentration. A number of methods ean be used to determine the degree of trailing 
particular protein system. Two-dimensional electrophoresis was shown previouslys to 
strate the adsorption of serum proteins not apparent from one-dimensional ex- 
t. Reversal of the current after separation of the proteins, permitting them to return 
origin, also represented a good method to demonstrate this phenomenon (Fig. 1). 
sorption could be determined most readily by permitting the protein to be earried 
the paper by liquid flow without an electric current. Efforts to overcome this difficulty 
meet with suecess. Preliminary treatment with 6 per cent caleium disodium 
e, 1 per cent 8-hydroquinoline, 2N acetie acid, IN calcium chloride, IN magnesium 
and IN barium chloride did not produce any decrease in the adsorptive capacity of the 
Munktell, Whatman No. 1 and No, 2 papers showed approximately the same absorptive 
as Whatman No. 3 paper. 
Broad Paper Electrophoresis.—It became apparent early in the study of urinary 
hat it would be desirable to separate a number of specimens on the same sheet 
so that specimens of serum and urine could be compared directly under similar 
For this purpose a broad strip of filter paper, on which 14 patterns could be 


was encased between thick glass plates measuring 23 by 25 by 2.5 centimeters. 


y experiments using relatively thin broad glass plates were unsuccessful because 
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the bending of the plates under pressure resulted in irregular migration. Thick glass plates 


insured even distribution of pressure to all parts of the paper. Nevertheless, slight irregu 
larities of the patterns occurred in some separations which may have been caused by slight 
differences in the density of the paper in different areas. When the materials to be ex 
amined were applied identically to two sheets of filter paper, and one superimposed exactly 


upon the other, these small differences were minimized. 
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Fig. 2.—Ten electrophoretic patterns of a normal human plasma produced simultane 
on a broad paper strip. The spots from right to left are albumin, a: — az — B—globulin, fibrit 
and y-globulin. The arrows indicate the origin and direction of migration. 

Fig. 2 illustrates ten electrophoretic patterns of one normal human plasma pr 
simultaneously on a broad strip of filter paper. The classical components are readily 
nized from the anodal right side as albumin, a,-, a,- and §-globulin, fibrinogen, a1 
globulin. Successful patterns were obtained when the plates were held firmly togetl 
one C-clamp, the pressure being applied at the center of the plates. 

Equilibration of the paper during assembly of the unit proved important in th 
duction of successful patterns. This was carried out after dampening but before ap 
the aliquots of material to the paper and also after encasing the paper between the 
and immersing the ends in electrolyte solution. Slight flattening of the dye-labeled 
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spot was produced before the current was applied. With attention to such details, patterns 


were closely reproducible, the distance of migration of the various components having a 
mean deviation of 1 mm. in a pattern of 120 mm. length. 

Separations on the broad sheets of paper carried out at 20° C. with a current of 15 
Ma. and potential of 3 to 4 volts per centimeter usually resulted in good patterns. Greater 
current intensity or higher environmental temperatures were accompanied by apparent de 
naturation and trailing of the fibrinogen component when plasmas were being separated. 


The patterns shown in Fig. 2 were carried out at 20° C. and have a clear-cut fibrinogen spot. 
— 
— 

. 
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Normal serum and nine urines separated simultaneously on the same sheet of 
er (A to C, multiple myeloma; D and E, liver disease; F' to H, nephrosis; J, protein- 
inknown origin). The arrows indicate the origin and direction of migration. 


Studies With Urinary Proteins.—In the analysis of urinary proteins by filter paper 


resis, it was necessary to concentrate the urines to a variable degree, depending 


‘] protein content of the urine. This permitted the demonstration of all protein com- 
pt which were present in any appreciable concentration. Table I presents the protein 
cor tions of the urine of some of the patients studied. Fig. 3 illustrates the urine 
pa btained from nine patients with various types of proteinuria, The marked variation 
in 


e of proteins which may be present in the urine from different patients with the 


ise as well as from one disease to another is apparent. 
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cases of multiple myeloma. 


to the corresponding serum. 


teins is seen in the patterns of 


Two 
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Four Bence-Jones urinary proteins were investigated. 


Figs. 


contrast the paper pattern and dye elution curve of the urinary and serum proteins, 
Examination of the urines from ten patients with nephrosis brought out striking dif 


ferences in the relative amounts of the protein components present in the urine compare 


Three 





cases are shown in more detail in Figs. 4 and 5, whici 








The individuality of these pro 


3 (4, B, and C) which compare the findings of thre 









patterns of urinary proteins are shown in Fig. 
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Fig. 4.—Comparison between tl 
from case (B) with multiple 
duplicates of the paper patterns. 


myeloma. The dye elution curves are illustrated along th 
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le urine and serum proteins separated simulta sly 
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(F,G, and H), Fig. 6 illustrates the corresponding serum and urine patterns of five patients 
with nephrosis. It was apparent that each urine pattern was different, and that there was 
considerable variation in the relative amounts of urinary protein components from one case 
to another. A consistent finding was the high concentration of urinary albumin compared 
to the globulin components. As shown in Fig. 6, this occurred with or without any well 
defined change in the serum protein pattern. 

Of further interest was the absence in the urine of a spot corresponding to the large 
lipoprotein component seen in the sera of the more advanced cases of nephrosis. The lipo 


protein was identified by lipid analyses on the isolated fractions as described previously,15 
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5.—Corresponding urine and serum protein patterns separated simultaneously from 
With multiple myeloma. In this case the Bence-Jones protein has the mobility of a 


if 
sible as a densely staining elongated spot in the a, — 8 region of the serum patterns 
in It is particularly marked in sera (M) and (N). Although the urine from these 
pi lid not contain such lipoprotein spots, a sharply delineated $8-globulin band was 


very case. Fig. 7 contrasts the color patterns and dye elution curves of a corre 


serum and urine from a patient with nephrosis; the urinary §-globulin component 


















626 SLATER AND KUNKEL 








has a somewhat slower mobility than the large serum lipoprotein peak. In the urine fro: 


patients with nephrosis, the 8-component appeared in every specimen containing albumin. Be 





cause of overlapping by the lipoprotein spot the serum counterpart of the urinary §-globuli: 





band was not readily distinguished. However, it appeared to be relatively lower in the seru 





than the urine. Other protein components, particularly a-globulins, were noted in certa 






urines without obvious counterparts in the corresponding sera (Fig. 6, LZ and N). 
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Fig. 6.—Serum (upper) and corresponding urine (lower) patterns from five cases of nep SIS 
separated simultaneously on one sheet of filter paper. 
The urine obtained from two patients who had viral hepatitis exhibiting J+ pr 
teinuria was examined. In each case a well-defined albumin moiety was observed. W 


ever, other proteins of globulin mobilities were also present in variable quantity. The po tern 
of one ease is shown in Fig. 3, D. Although this urine required fiftyfold concent 
three well-defined components are exhibited. Of these the slowly migrating com] 
probably corresponds to the 8-globulin component present in the urines from patient 


nephrosis. 


Urine from three patients with cirrhosis of the liver was studied. In only one nt 
who had persistent proteinuria were clear-cut patterns obtained. This individual’s co ol 
was remarkable because of a great elevation of the serum y-globulin component, the 
range of 6 Gm. per cent. Large quantities of protein were excreted in the uri the 
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characteristics of which are seen in Fig. 3, E and compared to the serum in Fig. 8. Although 
the y-globulin was higher than in any other urine examined, the albumin/globulin ratio of 


e urine was still considerably higher than that of the serum. 


Urine 
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iN. 7..—-Corresponding urine and serum protein patterns separated simultaneously from 
: With nephrosis. The tremendous lipoprotein component in the serum is not reflected 


ir rine pattern. 


andom specimen of urine from an 8-year-old mentally retarded child with no history 


ont 01 disease was examined. Routine urinalysis revealed 1+ proteinuria. The electro- 
ti01 ph pattern appears in Fig. 3, 7. Again the preponderance of the albumin moiety was 
the ap] Furthermore, resemblance to the patterns of urine from nephrosis included the 


the re of the 8-globulin component. 
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Attempts to characterize on paper the urine from three healthy subjects met wit! 
difficulty. In each case, 2 to 4 liters of urine were dialyzed against water and concentrate: 


by vacuum distillation. Despite prolonged dialysis with water, saline, or barbital buffer, the 


urine concentrates remained viscous and brown in color, varying from one urine to another 


Paper electrophoresis of these concentrates produced a smeared pattern which stained rathe 


r 














urine and serum proteins separated simultaneously from cas¢ 
high y-globulin in the serum was reflected in a high ur 


i 


Fig. &§.—Corresponding 
With cirrhosis of the liver. The 
globulin. 


poorly. However, components were apparent which corresponded to albumin and y-glol 
There was also an ill-defined area in the #-globulin region. Considerable material rem: 
adsorbed to the site at whieh the urine was applied to the paper. This sticky materia 


partially eliminated by preliminary precipitation of the mucoprotein from the urine | 
However, this procedure did not produce any improvement in t] 


method of Tamm.16 
pearance of the paper patterns. 
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DISCUSSION 


In the present study no attempt was made to perfect the quantitative 
measurements of the spots on the filter paper as described by other workers.'* 
Simple segmentation of the paper with elution of dye was utilized to produce 
the patterns. It appears likely that quantitative procedures applied to filter 
paper electrophoresis may be subject to considerable error because of techni- 
eal variations and adsorption of the proteins in the path of migration. The ad- 
sorption is best observed by permitting serum to be carried by buffer flow without 
an electric current, and this should be done with all protein solutions before 
drawing conclusions regarding the electrophoretic separation. With some pro- 
teins the adsorption consumes so much material that no main spot is obtained 
except at high protein concentration. The principal effort in the present study 
was directed toward improving the basic separation of the serum and urine com- 
ponents by minor alterations in technique. The importance of employing well- 
blotted paper from which all visible moisture has been removed and the im- 
portance of a high evenly distributed pressure on the glass plates became 
apparent. No sueeess was achieved in eliminating the adsorption of protein, 
and this represented the chief limitation of the method. 

Adsorption of the proteins as well as other faetors precluded the use of 
filter paper electrophoresis for the characterization of the normal urinary pro- 
teins. However, when as little as a trace of protein was observed by the sulfo 
salicylic acid test, such as is found in many disease states without obvious renal 
involvement, satisfactory patterns were obtained which could be interpreted. 

In the disease, multiple myeloma, characterization of the Bence-Jones uri- 
hary protein on filter paper represented a simple confirmatory procedure which 
was of diagnostic value. The pattern of a single dominant protein peak in the 

ine other than albumin was unique and was not observed in other conditions. 
The presence of complicating renal disease in such patients could be detected 
lily by the appearance of other components. 

(Of special interest were the findings in one patient who had cirrhosis and 

kedly elevated y-globulin levels in the serum. The urinary y-globulin was 
ereatly elevated compared to the values found in other cases of proteinuria. 
However, the y-globulin level was higher in the serum relative to albumin than 
e urine. This case demonstrated the relationship between the urinary 

n components and the molecular size of the protein molecules. The small 
iin moiety (molecular weight approximately 60,000') passed the renal 
's more readily than the y-gloublin moiety (molecular weight approxi- 
n 150,000° ) . 


he urinary proteins of patients with nephrosis did not show all the major 


¢ nents of the corresponding serum, and a great divergence was seen. Only 
lumin moiety was present in great quantity. In contrast, the tremendously 
i sed amounts of lipoprotein found in the serum did not appear in the 
i apparently because of the high molecular weight (1,200,0007'). Of 
pi lar interest was the appearance of a distinct 8-globulin spot in the 


Ww | patients with nephrosis, sometimes without a visible counterpart in the 
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serum. This was also observed in other conditions and suggests that a low 
molecular weight 8-globulin is present in the serum which is readily cleared by 
the kidneys. It is possible that this urinary B-globulin is the serum iron-binding 
B,-globulin (molecular weight approximately 90,000°?) which has been show: 
by Lawson and Shulman®* to be exereted in large amounts in the urine inp: 
tients with the nephrotic syndrome. 

Chinard and eo-workers,?* in reviewing the electrophoretic data of otli 
authors, noted the considerable variation in urinary proteins in patients wit! 
nephrosis. They concluded that in this disease the glomerular wall was pei 
meable to plasma proteins in approximately inverse proportion to the size o 
the molecules. The patterns of urinary protein excretion in different diseases 
shown in the present study lend support to that theory. 

Certain of the urinary proteins could not be classified, and their origi: 
remains obscure. This was particularly true of those components without ob 
vious counterparts in the serum. The possibility remains that these represent 
low molecular weight proteins produced under the stimulus of protein depletion 
that are cleared rapidly by the kidney and never reach measurable levels in the 
serum. 
SUMMARY 


1. The use of broad strips of filter paper on which multiple electrophoretic 
separations could be carried out has been described. Specimens of serum and 
urine from the same patients could thus be separated simultaneously under 
identical conditions. 

2. The limitations of filter paper electrophoresis, particularly those due 
to adsorption of protein, were discussed. 

3. The method proved useful in the differential diagnosis of proteinuria. 
especially in cases of multiple myeloma with Benee-Jones urinary protein 

4. The dependence of the relative concentrations of urinary proteins on 
their molecular size was apparent in various conditions associated with prote 
inuria. The high molecular weight serum lipoproteins were not detectahl 
in the urine. 

The authors express their appreciation to Dr. H. L. Barnett of New York Hos} 
and to Dr. I. Snapper of Mount Sinai Hospital, who kindly made available many of 


specimens analyzed in this study. 
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PLASMA LEVELS AND THE RELEASE OF A LYSOZYME-LIKE 
ENZYME FROM TUBERCULIN-EXPOSED LEUKOCYTES OF 
TUBERCULOUS AND NONTUBERCULOUS HUMAN BEINGS 

GrRAcE P. Kersy, M.D., ANd S. N. CHaupuurt, M.B.B.S.* 
DurRHAM, N. C. 


HE question of a direct and specifie cytotoxic effeet of tuberculin on sensi- 

tized cells has been pursued by various investigators.’!° Studies concerning 
the in vitro response of tissue cultures of cells from tubereulin-sensitive guinea 
pigs or rabbits to added antigen have indicated an inhibitory effect in some in- 
stances?” and no inhibition in others.* * Miller, Favour, and associates* used 
a different technique and demonstrated a evtolytic factor in tuberculous plasma 
Which was effective on human leukoeytes in vitro in the presence of tuberculin. 
Others® ?° have found disturbed phagoeytie function of leukocytes from delayed 
type sensitized guinea pigs on in vitro exposure of these cells to the specific 
antigen. 

In the present report, nonspecific evidence of damage to leukocytes from 
tubereulous and nontuberculous human beings is observed on in vitro exposure 
of the cells to tuberculin, but no speeifie effect correlating with the tubereulous 
state of the subject is detected. The method used for the demonstration of cell 
injury’! is based on the fact that certain cellular contents are released into the 
surrounding medium when cells are damaged. The substance selected for meas 
urement is an enzyme with the properties of lysozyme. 

During control studies, it was noted also that there is a significantly higher 
level of absolute lysozyme-like activity in tuberculous plasma than in nontuber- 
culous plasma. The nontuberculous patients as a whole were not as ill as the 
tuberculous patients, although patients with terminal illness were excluded 


from both groups. 


MATERIALS AND METHODS 


Sub jects —Human subjects were used as a source of leukocytes. Tuberculous. sul 
] 


were in various stages of active tuberculosis, for the most part with tubercle bacilli demon 


strable in the sputum, and in most instances without recent chemotherapy or antibiotic therap) 
Control subjects were patients without evidence of tuberculous infection. They include 
patients with neurotic complaints, with infections other than tuberculosis, and with thet 
diseases excluding primary metabolic or hematologic disorders. 

The tuberculous patients used for the majority of the plasma determinations (bu 0 
for the leukocyte studies) were individuals with far-advanced tuberculosis, clinically ry 
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well controlled on streptomycin and PAS therapy but with tubercle bacilli demonstrable in 
the sputum, 

Leukocyte Suspension,—Sedimented leukocytes prepared by a method deseribed previ 
ously!1 were resuspended in physiologic saline plus 10 per cent autologous plasma to a final 
ount of 5,500 leukocytes per cubie millimeter. 

Leukocyte Lysate.—Sedimented leukocytes were resuspended in distilled water to a 
oncentration equivalent to 5,500 leukocytes per eubie millimeter. This was diluted 1:10 in 
distilled water for use. 


Plasma.—Cell-free plasma was diluted 1:10 in physiologie saline for use. 


Tuberculin.—Tuberculin, Purified Protein Derivative* was diluted 0.1 me. per milliliter 
of physiologie saline for use. Final dilution (see below) was 0.015 mg. per milliliter. 

Staphylococcus Torint.—Diluted 1:5 in physiologic saline for use. 

Lysozyme Substrate.—Bacto Lysozyme Substrate* stock suspension was prepared and 
diluted for use by a method described previously. 

Experimental Procedure. Five-tenths milliliter of tubereulin 61 staphylococcal toxin 
or saline was added to 2.8 ml. of leukocyte suspension. The mixtures were incubated in 
25 ml. sterile siliconed flasks in a Warburg shaker at 37° C. for two hours before use. Leuko 
eyte lysate and plasma were used in the dilutions indicated previously without prior incubation. 
In each instance, 1.0 ml. of the test material was added to 1.5 ml. of lysozyme substrate, 
and readings were obtained at 0 time and at twenty minutes at 540 my in a Coleman Junior 
spectrophotometer, as previously described,1! 100 per cent transmission being set by use of a 
blank tube containing 1.0 ml. of the test material and 1.5 ml. of buffer. <All tests were run 
in duplicate. Per cent lysis of the substrate was calculated by the formula 100 minus (the 
optical density at twenty minutes divided by the optical density at 0, times 100). Where com 
parison of uninjured and injured leukocytes was desired, a correction for the rate of the 
enzymatic reaction in the control suspension was necessary, since differences noted in a fast 
moving system cannot be compared directly with those observed in a slow-moving system. 
lor this purpose, an index was used (see Table IT), the derivation of which is deseribed 


elsewhere,11 
RESULTS 
The design and results of experiments are summarized in tabular form: 
Table I indieates the per cent lysis of substrate observed in the presence of 
\) leukoevtes from two groups of human subjects, (B) leukocyte lysates from 
ET. A ComMPartson oF THE LYSOZYME-LIKE ACTIVITY OF LEUKOCYTES, LEUKOCYT! 
LYSATES AND PLASMA FROM TUBERCULOUS AND NONTUBERCULOUS HUMAN BEINGS 


PER CENT LYSIS OF SUBSTRATE IN THE PRESENCE OF: 


INTACT W.B.C. W.B.C. LYSATE PLASM \ 
GROUP 5,500/cU. MM. DIL. 1:10 DIL. 1:10 
\ ibereulous patients Sea + 82 44° 7.3 15.1 + 3.9 
(23 patients) (10 patients) (30 patients) 
mtuberculous patients 31.4 + 10.1] 15.8 + 86 10.38 + 3.4 
(52 patients) (S patients ) (28 patients) 
‘ son of (A) and (B) t = 2.031 t 1.131 t 4.937 
p= (< 0.05) p 50,08) Pp (<0.01 
tw ups of human subjects, and (C) 10 per cent plasma from two groups 
ol nan subjects. The individual composition of the two groups is not the 
si the three categories tabulated. It will be noted that the per cent lysis 
P} Stained through the kindness of Dr. Florence Siebert of the Henry Phipps Institute, 
I lia, Pa. 
pplied through the courtesy of Dr. H. D. Piersma of Lederle Laboratories. 
@, iried preparation of M. lysodeikticus, supplied through the courtesy of Mr. H. W. 


n of Difco Laboratories, Inc 
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in the tuberculous group is somewhat greater than in the nontubereulous group 
and that this difference is of possible significance (p = <0.05). This is not du 





to an inereased enzyme content of tuberculous leukocytes, as indicated by thé 






lack of significant difference in activity of leukocyte lvsates in the two groups 
(p= >0.05). However, it may well be due to the greater activity of the plasma 







from the tuberculous group as compared to the nontubereulous group (p 





0.01). It will be recalled that 10 per cent autologous plasma was added to 






each leukocyte preparation.* 






Table IT indicates in the left hand columns the inerease in per cent lysis of 





substrate as compared to the control when the leukocytes were previously ex 






posed to tuberculin or to staphylococcal toxin. There is a greater increase in 













TABLE II. THE EFFECT OF TUBERCULIN AND OF STAPHYLOCOCCAL TOXIN ON LEUKOCYTES 
FROM TUBERCULOUS AND NONTUBERCULOUS HUMAN BEINGS 














PER CENT LYSIS OF SUBSTRATI INDEX CORRECTING FOR INITIAI 
IN EXCESS OF PER CENT LYSIS SPEED OF REACTION (SEE TEXT, 
BY CONTROL, WITH ADDED EXPERIMENT PROCEDURE ) 














GROUP PPD STAPH. TOXIN PPD STAPH. TOXI 




























(A) Tuberculous laa. 2 62 19.5 = 5.9 a = at 60.5 = 21.2 

patients (23 patients) (1i patients (23 patients) (11 patients 

(B) Nontubereulous 9.7 + 4.4 isa = i 36.0 + 19.1 47.2 = Si3 

patients (26 patients) 28 patients) (26 patients) (28 patients 
Comparison of t = 225 t 2.513 t 0.3732 t 1.278 

A) and (B) as p <— 0.05 p <— 0.05 p= 0:05 p= >0105 


Ivsis over that observed in the control when tuberculous leukocytes are expose: 
either to tuberculin or to staphylococcal toxin, than on exposure of nontubercu- 





lous leukocytes to these agents. The differences between the tuberculous and 
nontuberculous groups in this respect are of possible significance (p = <0.05 

However, when the data are corrected for the initial speed of the enzymatic 
reaction, as indicated in the right hand columns, the apparent differences be- 
tween the two groups lose their significance (p = >0.05). The possible signifi- 
cance was an artefact resulting from the greater initial speed of reaction in 
the tuberculous group as compared to the nontuberculous group (see Table | 


DISCUSSION 


The present studies utilize the fact that cell injury is associated with the 
release of cell contents into the surrounding medium.? The substance selected 
for measurement has been an enzyme with the properties of lysozyme. Human 
leukocytes from tuberculous subjects have shown no greater evidence of daniage 
atter exposure for two hours to tuberculin than have leukocytes from nontu )er?- 
culous patients. An apparent difference was found to be related to the presvnce 
of a greater quantity of the enzyme in tuberculous plasma than in nontubercu- 
lous plasma. We were unable also to demonstrate an increased effect of tt er- 
culin on leukocytes in the few instances in which our studies were repeate: oD 
nontubereulous subjects thirty-six hours after the induction of a positive i (1a- 
cutaneous tuberculin test. 


*Hemagglutination tests done on 26 of the 30 tuberculous plasma samples were | tive 


in 19 instances rhe titer showed no correlation with the lysozyme-like activity observé 
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It is difficult to compare the present findings with those made by earlier 
investigators who used tissue culture techniques for studying the effect of tuber- 
culin on sensitized cells, because the tissue culture observations recorded were 
usually made after longer periods of exposure of cells to tubereulin. Only 
Heilman and associates* specifically mention an inhibitory effect on migration 
observed as early as two hours after initial incubation. The experiments of 
Miller and Favour* are comparable with the present experiments as to exposure 
time after which a cytolytic effect was observed on sensitized cells in the presence 
of tubereulin, but the techniques used cannot be compared further. 

A higher titer of lysozyme-like enzyme activity was found in tuberculous 
plasma than in nontuberculous plasma. While this may be related only to the 
fact that as a whole the nontuberculous patients were not as ill as the tuberculous 
patients, the finding is nonetheless of particular interest in view of the observa- 
tions of Myrvik and Weiser.'? In rabbits heavily immunized with heat-killed 
tuberele bacilli with Freund’s adjuvants, they found an elevated titer of a 
tubereulostatie serum substance possessing lysozyme-like properties. The tuber- 
culostatie substance was noted also in rabbits immunized with organisms other 
than tuberele bacilli. Our present state of knowledge concerning the factors 
governing the plasma level of the lysozyme-like enzyme reported here does not 
permit speculation at this time concerning the meaning of the observation. 


SUMMARY 


1. By a method of detection of cell injury which depends on the release 
of intracellular substances from injured cells into the surrounding medium, 
the effeet of tuberculin and of staphylococcal toxin on human leukoeytes from 
tuberculous and nontubereulous subjects has been studied. The substanee chosen 
for measurement is an enzyme with the properties of lysozyme. 

2. No significant difference could be detected in the degree of cell injury 
resulting from two hours of in vitro exposure to tubereulin of tubereulous 
leukocytes as compared to nontubereulous leukoeytes. The same observation 
Was made using staphylococcal toxin. 

3. Of high statistical significance was the greater degree of lysozyme-like 
envyme activity in the plasma of tuberculous subjects as compared to nontuber- 


eulous subjects. 


The authors are indebted to Dr. David T. Smith and to Miss J. H. Knight of the Depart 
of Bacteriology, Duke University School of Medicine, for the hemagglutination determi- 
s, and to Dr. Derwin Cooper of the Durham County Health Department for Durham, 
N and Dr. J. S. Hiatt, Jr., of the North Carolina Sanatorium, McCain, N. C., for their 


ition in making available most of the tuberculous patients studied. 
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EFFECT OF ANTIHEMOPHILIC FACTOR ON ONE-STAGE 
CLOTTING TESTS 
A) PRESUMPTIVE TEST FOR HEMOPHILIA AND A SIMPLE ONE-STAGE 
ANTIHEMOPHILIC FACTOR ASSAY PROCEDURE 


Robert DPD. LANGDELL, M.D., Roperr H. WAGNER, PH.D., AND 
KENNETH M. Brinkuous, M.D. 
CHAPEL Hii, N. C. 


LOOD from patients with classical hemophilia has a prolonged clotting time, 
but when tissue thromboplastin is added as in the usual ‘‘ prothrombin 
time’* determination, hemophilie plasma clots as rapidly as does normal plasma. ! 
The normal prothrombin time in hemophilia has apparently overshadowed other 
observations on the influence of thromboplastins on the clotting of hemophilic 
plasma. In 1926, Mills? showed that crude cephalin preparations which clotted 
normal plasma rapidly were relatively inactive when added to hemophilice 
plasma. In 1935, Eagle® found that platelet suspensions were similar to crude 
cephalin in this regard. In 1940, Dam and Venndt* showed that while tissue 
thromboplastins clotted hemophilic plasma rapidly, these same tissue extracts, 
if diluted, clotted hemophilie plasmas less rapidly than they did normal plasma. 
In this study we have compared the effectiveness of several thromboplastins 

in accelerating the clotting of hemophilic and normal plasmas. On the basis of 
our findings it is suggested that thromboplastins may be classified as complete 
or partial. Complete thromboplastins clot normal and hemophilie plasmas 


jually fast, while partial thromboplastins clot hemophilie plasmas less rapidly 
ian they do normal plasmas. Based on the differential reaction of hemophilic 
‘mas with complete and partial thromboplastins, we are proposing two new 
procedures: (1) a presumptive test for the diagnosis of hemophilia, and (2) a 
simple method for the assay of antihemophilic factor (AHF) in plasma. <A 
preliminary report of this work was made recently.’ 


MATERIALS AND METHODS 


Both human and canine hemophiliacs were used in this study. Blood was obtained 
6 hemophilic human beings and 35 normal human beings by antecubital venepuncture, 
rom 20 hemophilic dogsé and five normal dogs by jugular venepuncture. The bloods 
iixed immediately with anticoagulant, either 0.11M sodium citrate in the ratio of one 


par to 8 parts whole blood, or 0.10M sodium oxalate in the ratio of one part to 9 parts 
V blood. Plasmas were obtained by centrifugation at about 35,000 g for twenty 
s. Oxatated saline was prepared by mixing one part sodium oxalate solution with 


s saline (0.15M sodium chloride), citrated saline by mixing one part sodium citrate 
W 9 parts saline. 


rom the Department of Pathology, School of Medicine, University of North Carolina. 
y iis investigation was supported by a research grant from the Division of Research 
I and Fellowships of the National Institutes of Health, U.S. Public Health Service. 
eceived for publication, Dec. 23, 1952. 
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The following preparations were used as thromboplastins: (a) beef lung extract, 
(b) ultracentrifuged beef lung extract,’ (¢) acetone dehydrated rabbit brain (Difco 


(d) Russell viper venom (Stypven, Burroughs-Welleome) (both [e] and [d] made up 


according to manufacturer’s directions), (e) crude cephalin prepared from human brain, 
0.3 per cent suspension, (f) acetone dehydrated brain from both normal and hemophilie dogs 


and from a nonhemophilic human being, and (g) a synthetic cephalin, 1 per cent sus 


pension.11 Platelet suspensions contained about 1,700,000 platelets per cubie millimeter.! 
All dilutions were made with saline. 

Accelerated clotting times, similar to prothrombin time determinations, were done at 
37° C. by mixing 0.1 ml. oxalated or citrated plasma, 0.1 ml. thromboplastin preparation, 
and 0.1 ml, 0.02M ealeium chloride. 

Residual prothrombin in whole blood thirty and sixty minutes after venepuncture was 
determined by two procedures the one stage prothrombin consumption test! and the tw 
stage prothrombin utilization method.14 

AHF was determined by two procedures: (a) a one-stage method deseribed in thi 
text of this paper, and (b) the prothrombin utilization method for the assay of AHF, 
described by Graham, Collins, Godwin, and Brinkhous.!5 Before use in either of these 
procedures, oxalated plasmas, both control and test, were treated with 100 mg. of bariun 
sulfate per milliliter at 4° C.; the barium sulfate was kept in suspension for thirty minutes 
by gentle agitation, and then removed by centrifugation at about 5,000 g for thirty minutes. 

Serum accelerator was prepared by the barium sulfate adsorption and elution method, 
using as starting material native dog plasma which had been incubated for twenty minutes 
at 37° C. with 0.05 volume of beef lung extract. Concentration is expressed in units per 


milliliter.16 
RESULTS 


Comparison of Accelerated Clotting Times of Normal and Hemophili 
Plasmas with Complete and Partial Thromboplastins. The results of clotting 
time tests with the several thromboplastins are shown in Table I. Tests were 
done simultaneously with both normal (N) and hemophilie (H1) plasmas, using 
for each thromboplastin a series of tenfold dilutions. The data given in the 
table are representative of a large group of determinations. It will be noted 
that similar results were obtained with human and canine plasmas. With the 
usual high concentrations of crude tissue extracts (Experiments 1 to 5, 9, and 
10), normal and hemophilice plasmas have the same clotting times. These tissue 
extracts, diluted 10°° to 10°° or more, consistently clot the normal plasma more 
rapidly than the hemophilie plasma. 

Ultracentrifugation of the tissue extracts (about 75,000 g for thirty 
minutes) caused sedimentation of potent thromboplastie material, while thie 
supernatant fluid had little or no activity. The resuspended sediments were 
highly active (Experiments 6, 11, 12, in Table I), but even in high concen- 
trations which gave clotting times of nine to twenty seconds, they had lost their 
ability to compensate completely for the hemophilic defect. Russell viper venom 
behaved similarly to the resuspended ultracentrifuged sediments (Experiments 


Sand 14). Crude cephalin (Experiments 7 and 15) and platelets (Experiment 


13) were comparatively poor in thromboplastie activity, but both were con- 


siderably more active in the clotting of normal plasmas. The weakest throm! 
plastin tested was a synthetic cephalin, L-«-(dimyristoyl)-cephalin. It ‘00 
showed a clear-cut differential in its acceleration of clotting of normal «1 
Only crude concentrated tissue ext) 


hemophilic plasmas (Experiment 16). 

























ANTIHEMOPHILIC FACTOR AND ONE-STAGE CLOTTING 





were complete thromboplastins in the sense that 


hemophilie plasma equally rapidly. 


used were able to compensate only partially for the defeet in hemophilia. 


TESTS 


they elotted 
All of the other thromboplastin solutions 


659 








normal and 


We 


are calling the one-stage accelerated clotting time test, using such partial throm- 


hoplastins, the ‘‘ partial thromboplastin time.”’ 





PaBLE I, COMPARATIVE ACCELERATION OF CLOTTING OF NoRMAL (N) AND HeEMOPHILIC (H) 
PLASMAS BY VARIOUS THROMBOPLASTINS 
EXPERT | | | THROMBOPLASTIN DILUTION 
s MENT | THROMBOPLASTIN | PLASMA, 100 10-1 10-2 10-3 | 10-4 10-5 | SATLINI 
Group I. Human Plasmas 
Clotting Time (Sec.) 
] Crude beef lung N 14.2 18.6 39.0 65.0 100 30 210 
W 14.2 18.6 tS.0 90.0 195 540 600 
’ 2 Rabbit brain N 12.8 19.2 42.0 85.0 95 130 510 
e WW 12.8 19.0 19.0 130.0 170 275 900 
3 Human. brain N 13.2 18.6 10.0 80.0 90) 120 250 
VY Lore 18.8 45.0 120:0 160 280 780 
4 Normal dog brain N £72 24.6 1.0 60.0 85 110 195 
3 HH 17.2 24.2 2.0 80.0 140 250 840 
5 Hemophilie dog N 16.8 24.8 18.0) 70.0 95 120 195 
os brain H 16.8 24.5 19.0 95.0 155 300 840 
es 6 Ultracentrifuged N 19.8 23.2 35.0 65.0 100 110 210 
beef lung H 21.2 28.4 17.0 100.0 200 320 600 
7 Crude cephalin N 95.0 110.0 120.0 150.0 190 220 510 
H 170.0 215.0 285.0 340.0 $2() 600 900 
8 Russell viper N 22.0 44.0 60.0 90.0 115 130 310 
. venom H 24.4 60.0 105.0 210.0 290 $20) 900 
ul 
Group II. Canine Plasmas 
IS Clotting Time (Sec.) 
re 9 Crude beef lung N 8.8 11.8 14.0 26.5 16 18 230 
, H 8.8 12.0 14.2 29.5 a5: 60 780 
) Rabbit brain N 7.4 11.8 18.2 30.0 57 120 180 
he H 7.4 11.8 22.4 8.0 95 175 720 
d 11 Ultracentrifuged N 9.2 12.6 19.0 32.0 58 100 230 
; rabbit brain H 11.0 15.4 27.0 19.0 98 190 780 
he : Ultracentrifuged N 11.4 13.0 18.6 37.0 53 95 200 
| beef lung H 12.8 15.6 22.5 56.0 90 190 540 
if - --~ ~ 
a Lo Dog platelets N $5.0 48.0 97.0 60.0 65 85 190 
we H 85.0 90.0 95.0 100.0 125 165 620 
.y lf Russell viper N 14.8 28.0 43.0 56.0 80 100 184 
venom H L732 35.0 65.0 115.0 140 210 660 
Crude cephalin N 37.0 44.0) 50.0 58.0 80 100 210 
ie H 85.0 95.0 115.0 200.0 270 400 730 
mt. Synthetic N 52.0 65.0 75.0 90.0 115 130 155 
he cephalin H 145.0 170.0 190.0 235.0 295 470 840 
ere 
en- esumptive Test for Hemophilia.—The difference in clotting times of nor- 
il ma! and hemophilie plasmas with partial thromboplastins gives a basis for a pre- 
m sul ve test for hemophilia. For the test, the prothrombin time and the partial 
s thi plastin time are determined for both a normal control plasma and the 
nt pat ’s plasma. The partial thromboplastin employed in this test may be any 
n one hose listed in Table I. We have found it convenient to use Russell viper 
0 ven liluted i0-° with saline. Acetone dehydrated human or rabbit brain is 
00 USEC the complete thromboplastin. 
nd prothrombin time with the complete thromboplastin is dependent on 
ts the ia for prothrombin, plasma accelerator(s), serum accelerator(s), and 
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fibrinogen. A normal prothrombin time indicates that none of these factor 
are seriously deficient. The partial thromboplastin time is influenced by thes 
same clotting factors, and in addition by AHF. Thus a normal prothrombir 
time and a prolonged partial thromboplastin time furnishes presumptive evi 
dence of hemophilia. 

The usefulness of this test is illustrated in Table II]. Data obtained on a 
normal control, a mild hemophilic, and a severe hemophilic patient are given 
Three common tests used in the diagnosis of hemophilia—the whole blood clot 
ting time, the one-stage prothrombin consumption test, and the two-stage pro 
thrombin utilization test—showed marked delay in the rate of clotting in the 
classical hemophiliac. In the mild hemophiliac, on the other hand, all of thes 
tests were normal. Yet the assay for AHF showed that the mild hemophiliac 
had only a trace of this clotting factor. The presumptive test for hemophilia 
Was positive in both the mild and the severe cases of hemophilia, i.e., the pro 
thrombin time was normal, the partial thromboplastin time was prolonged. 

















Il. COMPARISON OF THE PRESUMPTIVE TEST FOR HEMOPHILIA WITH OTHER CLOTTIN« 
TESTS FOR HEMOPHILIA 





TABLE 


PRESUMPTIVE TES' 
FOR HEMOPHILIA 
RESIDUAL PROTHROMBIN 


(PER CENT) a 
~ PHROM BO 
CLOTTING| 30 MIN. 60 MIN. \HE* | PROTHROM-| PLASTIN 
TIME I 1 I II (PER BIN TIME TIM 
PATIENT AGI (MIN. ) STAGE) STAGE| STAGE) STAGE CENT ) (SEC. ) (SEC. 
Normal 31 10 62 20) 1X <5 100 1? 12( 
(RHW 
Mild hemo 69 10 58 12 15 <5 5 12 20 
philic 
(HAD) 
Classical hemo- 26 60 152 100 146 92 () 12 25 
philic 
(TWT) 


*Prothrombin utilization method.” 


The Effect of Normal Plasmas on the Delayed Partial Thromboplastin Tim 
of Hemophilic Plasmas.—The relatively slow clotting of hemophilie plasmas with 
partial thromboplastins, as observed in Table I, can be corrected by the addition 
of small amounts of normal plasma. This is shown in two experiments, one with 
human plasmas, the other with canine plasmas, summarized in Fig. 1. Homol- 
ogous normal and hemophilie plasmas were mixed in the ratios indicated ( ig. 
1). Crude cephalin suspension was used as the partial thromboplastin. It will 
he observed that when the plasma mixture consisted of 15 to 20 per cent or more 
of normal plasma, the clotting time was normal. When the mixture consisted 
of smaller amounts of normal plasma, the impaired clotting of hemopuiuilic 
plasma was partially corrected. We attribute the shortening of the hemoy hilic 
clotting to the antihemophilie activity (AHF) of the added normal plasm 

A One-Stage Method for the Assay of Antihemophilic Activity.—The « ssay 
is based on the observation that inereasing amounts of AHF, within the | mits 
noted in Fig. 1, caused progressive shortening of the partial thromboplastin time 
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of hemophilic plasma. By comparing the relative effectiveness of a known 


normal plasma and the patient’s plasma, the AHF activity may be expressed as 


per cent of normal. In the assay, varying amounts of the material being tested 


for AHF are added to a constant amount of hemophilie plasma. The clotting 


times 


of the mixtures are then determined after addition of standard amounts 


of lipid thromboplastin and ealeium ehloride. 


CLOTTING TIME (SECONDS) 


250 
200 - 
150 - 


HUMAN 
100 4 — , oman 





50 + CANINE 











t T T T 


0 20 40 60 80 100 
% CITRATED NORMAL PLASMA 


100 80 60 40 20 0 
% CITRATED HEMOPHILIC PLASMA 


1.—Partial thromboplastin times of mixtures of normal and hemophilic plasmas. 





(he details of the procedure follow. Citrated hemophilic plasma is used as a substrate; 


each 
time S 
indi 
Same 
thus 


plasn 


be stored up to thirty days at -20° C. or lower before use. Cephalin (0.015 per cent) 
ared from the 0.3 per cent stock suspension. The ealcium-imidazole reagent consists 
irts 0.11M calcium chloride, 6 parts imidazole buffer,17 pH 7.2, and 5 parts saline. 
lated control and test plasmas are treated with barium sulfate and then diluted with 
saline to 1, 2.5, 5, and 10 per cent, respectively; higher concentrations for the test 
are used when necessary. Prior dilution of the plasma with anticoagulant is used in 
ng the amount of diluent to be added. During testing, the reagents are kept in a 
ater bath, except for the hemophilic plasma substrate, which is kept in an ice bath. 
clotting test the following are added, in the order indicated, to a 10 by 75 mm. 
s tube: 0.1 ml. eitrated hemophilic plasma, 0.1 ml. diluted control or test plasma, 
ephalin, and 0.1 ml. ealeium-imidazole solution. Clotting times for each dilution of 
sma are determined in triplicate, and the mean determined. The mean clotting 
plotted against the per cent of the test or control plasma used, the latter being 
on a log scale. By interpolation the dilutions of test plasma which would give the 
ting times as 1, 2.5, and 5 per cent control plasma are determined. The dilutions 
rmined are used for the calculation of relative antihemophilic activity of the test 
follows: 
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Per_cent control plasma 100 per cent AHF activity in test plasma. 

Per cent test plasma 

Fig. 2 illustrates the procedure used for comparing the AHF in the 
plasma with the control plasma. It will be noted that using the methoc 
graphing indicated above, a linear relationship between clotting time and 
cent plasma is obtained in this range. The test plasma used was from C 
indicated below in Table V. The percentage values of test plasma which we 


vive the same clotting times as 1, 2.5, and 5 per cent normal plasma are 1.4, 


AHF in the test plasma is obtained. 


¢ CONTROL 


125- 


CLOTTING TIME (SECONDS) 





and 6.9 per cent, respectively. From these data a mean value of 71 per cent 
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the one-stage assay. 


Influence of Thrombin and Serum Accelerator(s) on the Partial Thrombo 
plastin Time and the One-Stage AHF Assay.—Both thrombin and serum ac 
celerator factor(s) are usually present in serum, and in addition, serum acce!era- 
tor may evolve in plasma on standing.’* To determine the influence of 1/iese 
clotting factors on the partial thromboplastin time, a series of experiments were 
performed in which each was added to the clotting mixtures. The data ‘rom 
one experiment are given in Table III. When the clotting times were shortened 
to the range of thirteen to seventeen seconds, the difference between norma! and 
hemophiliec plasma was nearly obliterated (Columns B and DD). With ‘esser 
amounts of added thrombin or serum accelerator, the large spread in elo‘ ting 
times between the two plasmas was maintained (Columns C and E), even t! ugh 
clotting was considerably faster than that of the controls (Column A). In order 
to minimize the influence of such accelerators in uncontrolled amounts o:: the 


1 


0 


Fig. 2.—Graph illustrating method of plotting data for calculation of relative AHF activity In 
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TABLE ILI. INFLUENCE OF SERUM ACCELERATOR AND THROMBIN ON PARTIAL THROMBOPLASTIN 
TIME OF NORMAL AND HEMOPHILIC CITRATED HUMAN PLASMAS 


CLOTTING TIME (SEC. ) 


SERUM ACCELERATOR 


THROMBIN UNITS/ML. UNITS/ML. 
SALINE 2.5 0.025 5.0 0.5 
PLASMA A B C D E 
Normal 100 1326 62 16 75 
Hemophilic 265 15.5 140 17 180 


Clotting mixtures: Cephalin (0.015 per cent), 0.1 ml. + calcium-imidazole solution, 0.1 
ml. + saline, or dilute Topical Thrombin (Parke-Davis), or dilute serum accelerator preparation, 
0.1 ml. + normal or hemophilic human citrated plasma, 0.1 ml. Units refer to concentration 
in final clotting mixtures 


AHF assay procedures, preliminary adsorption of the oxalated test and control 
plasmas with barium sulfate was done routinely. Barium sulfate adsorbs both 
the coagulant factors, thrombin,’® and serum acecelerator,2° but does not adsorb 
AHF’, 

In the one-stage assay, it was found that addition of thrombin or serum 
accelerator in the smaller amounts shown in Table III did not alter the results 
obtained for AHF with the procedure. The shorter clotting times which occur 
with the assay modified in this manner allow determinations for AHF to be 
made more rapidly. This practical advantage led to adoption of the modified 
procedure for clinical testing. 

Comparative AHF Values Obtained by the Two Methods of Assay; Range 
of AHF in Normal Individuals.—In several experiments AHF activity was 
determined simultaneously by the prothrombin utilization method of Graham 
and associates and by the new one-stage procedure. Results of one experiment 
on protein fractions of normal canine plasma are shown in Table IV. Fraction- 
ation was carried out by simple precipitation of barium sulfate-treated oxalated 
dog plasma with neutral saturated ammonium sulfate at 4° C. By successive 
additions of the ammonium sulfate, precipitates were obtained which correspond 


to the following ranges of percentage saturation of salt: 0 to 25, 25 to 33, and 
33 to 50 per cent. Phosphate buffer (pH 7.2) was used as solvent. These frac- 
tions and the final supernatant fluid were dialyzed, using Visking cellulose cas- 
ing, at 4° C. with continuous agitation for two hours against citrated saline 
SO nm. In the ealeulation of AHF activity, dilution resulting from the frae- 


‘LE IV. COMPARISON OF AHF IN FRACTIONS OF NORMAL CANINE PLASMA BY THE 
Two-ASSAY PROCEDURES 


AHF ACTIVITY 


‘LASMA FRACTION | NEW | PROTHROMBIN 
{,].S0, SATURATION | ONE-STAGE METHOD UTILIZATION METHOD 
GE IN PER CENT) (PER CENT) (PER CENT) 

0-25 : 91 70 
33-50 11 8 
Above 50 0 0 
Total 120 es 92 
Expected 100 100 
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tionation procedure was considered. It is seen in the table that most of thi 
AHF activity is precipitated at one-fourth saturation with ammonium sulfate 
The values obtained by the two methods correspond fairly well. 


In another experiment, freshly collected citrated plasmas of twelve norma! 


male adults were tested for AHF by both methods. Results are shown in Table 
V. JBC was arbitrarily assigned a value of 100 per cent AHF. It will be 


noted that the values obtained on a given subject by either method correspond 


very well. However, there is a wide range of AHF in different individuals, 


from 64 to 138 per cent by the one-stage procedure, and from 67 to 156 per cent 


by the prothrombin utilization method. A larger group of normal adults of 


either sex was then tested with the one-stage ATIF method alone. There were 
twenty-eight subjeets. Again, JBC was assigned a value of 100 per cent. The 
range of AHF was 68 to 165 per cent, with a mean of 99, and a standard devia- 
tion of 28. These data indicate the need of careful selection of control plasma, 
if results are to be expressed as per cent of normal. We have consistently used 
either the plasma of a few individuals whose AHF level in relationship to the 
mean of a larger number of normals was known, or a pooled plasma from 
several healthy adults. 

Further studies were made on the comparative AHF values in two normal 
subjects (GDP and RDL, Table V) over a period of twenty weeks. Ten separate 
determinations by the one-stage AHF assay were made during this period. The 
value of 72 per cent was assigned for the plasma AHF of GDP (Table V). The 
comparative AHF values for the plasma of RDL were 112, 107, 184, 111, 125, 
122, 133, 119, 108, and 121, with a mean of 119 per cent. 


TABLE V. COMPARISON OF AHF IN NORMAL SUBJECTS BY THE TWoO ASSAY PROCEDURES 


AHF ACTIVITY (PER CENT) 


SUBJECT ONE-STAGE METHOD PROTHROMBIN UTILIZATION METHOD 
JPS 64 70 
CBT 71 69 
GDP 72 67 
RHW s0 7 
JPS 81 So 
JBC 100 100 
GA 109 103 
WP 124 112 
RDL 120 114 
JBB 132 124 
JBG 138 23 
CP 132 136 


DISCUSSION 

The relative ineffectiveness of certain thromboplastins in the clotting ot 
hemophilie blood provides the basis for both the presumptive test for hemo} ilia 
and the one-stage assay for AHF activity. It is not possible with the data now 
available to do more than postulate possible underlying reactions responsib!: for 
the differences in clotting of normal and hemophilic bloods with various thro bo- 
plastins. Biggs and Macfarlane®? have shown that hemophilic plasma 1 less 
responsive to thromboplastin than is normal plasma, and is not simply defiient 
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in thromboplastin. Several years ago one of us'? showed that both platelets 
and AHF are needed for thromboplastie activity to manifest itself in human 
blood. Similar results have been obtained in canine blood.® More recently 
comparable data were obtained by Shinowara** in a partially purified clotting 
system. The data in Fig. 1 are in aceord with those obtained previously. All 
of these findings suggest that the full activity of potent crude tissue extracts 
on hemophilie plasma is due to their contamination with plasma AIF. How- 
ever, one is then confronted with the paradox that hemophilice tissue extracts 
correct the hemophilie defect in vitro as well as do extracts from normal tissues 
(Table I). Instead, crude tissue extracts, both normal and hemophilie, may 
contain serum or other accelerators which obviate the need for AHF for rapid 
clotting in one-stage systems. This possibility is suggested by the data in Table 
I1f, in which a mixture of cephalin and a serum accelerator preparation became 
a potent clotting agent in the absence of AHF. Ultracentrifugation of the tissue 
extracts may effect a partial separation of thromboplastin from other clotting 
accelerators, and dilution may reduce their concentration to relatively impotent 
levels. 

Regardless of the exact chemical interactions involved, the value of the two 
new procedures has been indicated during their use in this laboratory for the 
past two years. The simplicity of the presumptive test is of particular value in 
a clinical laboratory, and permits a rapid screening of patients suspected of 
having a bleeding diathesis. Mild hemophiliacs have been discovered by this 
method when other common clotting methods used for the diagnosis of hemo- 
philia were negative (Table II). The more complex thromboplastinogen activity 
time, recently proposed as a diagnostie test for hemophilia,?* appears to be based 
on the same mechanism as the presumptive test. While the presumptive test 
appears to be more sensitive than many of the other diagnostic tests, it has 
certain limitations, similar to those pointed out by Merskey®® for other labora- 
tory tests used in hemophilia. 

A negative presumptive test was observed in a family with mild hemo- 
philia, recently deseribed by Graham, McLendon, and Brinkhous.*° In this 
family the, affeeted males had a plasma AHF activity of about 20 per cent of 
normal, and all had normal partial thromboplastin times. This was to be ex- 
pecied, however, since, as shown in Fig. 1, the clotting time of hemophilie blood 
is normal when 15 per cent or more of AHF is present. 

positive presumptive test appears to be given by at least one other 
bleeding disease besides hemophilia—PTC deficiency. This recently described 
hemorrhagie disease?? appears to be due to a deficiency of a barium sulfate 
absor able clotting component. While the prothrombin time is within normal 
limit: in this disease, as in hemophilia, the partial thromboplastin time appears 
to be prolonged.?* 

special problem is presented in the interpretation of the presumptive 
test he prothrombin time is longer than normal. In such eases the partial 
thromboplastin time is also prolonged, without regard to AHF levels. To 
deterniine if a mixed deficiency exists, for example, a hypoprothrobinemia and 
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a lowered plasma AHF level, actual assays for these clotting factors must be 


performed. 






The one-stage AHF assay has the advantage of simplicity, and appears to 
be as reliable as the more difficult prothrombin utilization method of Graham 






and associates. A possible drawback of both methods is that blood from a 






classical hemophiliae is a necessary substrate. This should not be a serious 






handicap in the one-stage assay, however, since the hemophilie plasma may be 






stored for considerable periods before use. Further experience with both of the 





new methods is needed to assess fully their value. 









SUMMARY 





A comparison was made of the clot-accelerating activity of several thrombo 
plastins on normal and hemophilie plasmas. The data indicate that thrombo- 
plastins may be classified according to their relative activity in the clotting of 






hemophilie plasma. Complete thromboplastins clot hemophilie plasmas as 
rapidly as they do normal plasmas, while partial thromboplastins clot hemo- 
philie plasmas less rapidly than normal. One-stage clotting tests with the latter 
thromboplastins are called partial thromboplastin times, in contrast to pro- 









thrombin times, in which complete thromboplastins are used. 






A presumptive test for the diagnosis of hemophilia is proposed. The test 





consists simply of the determination of a prothrombin time and a partial throm- 
boplastin time. In hemophilia, the first time is normal, the latter prolonged. 






Some limitations of the procedure are discussed. 






A simple method for the quantitative estimation of AHF by a one-stage 
clotting procedure is deseribed. Hemophilic plasma is used as substrate. The 
method is based on the correction of the prolonged partial thromboplastin time 
of hemophilic plasma, by addition of small amounts of AHF. Application of 
this procedure to ‘‘salted out’’ plasma protein fractions revealed that nearly 
all of the AHF is precipitated by one-fourth saturation with ammonium sulfate. 
A study of the AHF activity of the plasmas of several normal subjects was made 
by the one-stage procedure. The AHF level of a given subject appears to be 
relatively constant. However, in different subjects, a range of activity was 




















observed, with the maximum value being roughly twice the minimum. 


The authors gratefully acknowledge the gift of the synthetic cephalin from Dr. Prick 
Baer. 
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LABORATORY METHODS 


METHOD FOR THE DETERMINATION OF ACETONE IN 
TWO-TENTHS MILLILITER OF BLOOD 


JULIA Z. Rutman, B.S. 
PHILADELPHIA, PA. 


UMEROUS methods can be found in the literature for the determination of 

acetone in blood.’~* Generally, the use of large quantities of blood is in 
volved, or the preparation of a filtrate which leads to loss of acetone, or the 
method is time consuming. 

The method of Rappaport and Baner* has the advantage of requiring onl) 
0.2 ml. of whole blood without preparation of a filtrate. Two-tenths milliliter 
of whole blood is added to dilute phosphoric acid and the acetone in the blood 
distilled into iodine solution. The residual iodine is titrated with thiosulfate 
In our hands several difficulties were experienced with this method. There was 
considerable variation in the blank even though the apparatus was thoroughly 
cleaned and some samples of normal blood gave titers indicating appreciable 
acetone. Also, with a quantity of acetone calculated to combine with all the 
iodine, a residual titer was obtained. For these reasons, the possibility of 
quantitatively distilling acetone from whole blood into a more specific trapping 
agent was examined. The method of Lester and Greenberg’ using 2,4-dinitro- 
phenylhydrazine as the trapping agent was combined with the distillation pro- 
cedure of Rappaport and Baner.* In order to test the combination of these two 
methods the procedure detailed below, which also represents the final form of 
the method, was applied with the modifications necessary to test certain variables 


METHODS 

Materials Required. 

0.1 per cent 2,4-dinitrophenylhydrazine in 2N hydrochloric acid (hereafter designated as 
reagent). 

Dilute phosphoric acid—1 ml. concentrated H,PO, in 500 ml. distilled water. 

0.3 per cent sodium bisulfite in distilled water, 

0.5N sodium hydroxide. 

Redistilled carbon tetrachloride. 

Dow-Corning antifoaming agent A. 


Apparatus. 
50 ml. glass-stoppered graduates. 
50 ml. € 19/388 Erlenmeyer flasks. 
Glass rods—13 em. 
Colorimeter. The Evelyn colorimeter is used in this laboratory. 


Special distilling apparatus (as modified from Rappaport and Baner+), Fig. 1. 





From the Department of Physiology, Jefferson Medical College. 
Aided by a grant from Eli Lilly and Company, Indianapolis, Ind. 
Received for publication, Nov. 15, 1952. 
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Procedure. 
Distillation : 

1, Pipette 2 ml. of reagent into a 50 ml. glass-stoppered graduate (Fig. 1, F). This 
is clamped to the apparatus so that the drawn-out tip of the condenser is under the 
surface of the liquid. 

2. Pipette 2 ml. 0.3 per cent NaHSO, into the 50 ml. distilling flask. Fig. 1, A.) 

) 


+. Pipette 0.2 ml. whole blood into distilling flask (4) and stopper. 


1. Rinse the joint of the distilling head (Fig. 1, B) with distilled water, 
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1, Distilling flask; B, distilling head; C, cleaning funnel: D, ¥ 19/38 joint; #, 200 mm. 
condenser; F, receiving flask: G, glass rod. 


Place a glass rod (Fig. 1, G) with a dab of antifoaming agent on the end into the 
distilling flask (4). 

Quickly add 5 ml. dilute H,PO,. Attach to distilling head and clamp. 

Using a microburner, boil gently for five minutes, being careful to avoid foaming 
or boiling to dryness. 

Lower the receiving flask (Fig. 1, F) and continue distillation for one minute 
ionger. Remove flame. 

Rinse several milliliters distilled water through cleaniz 
receiving flask (F). 


funnel (Fig. 1, C) into 
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10. Remove receiving flask (F) and make up to 15 ml. with distilled water. 


Wash apparatus between distillations by running through several hundred milliliters 





of distilled water with the aid of suction. 





Color Deve lopme nt: 






1. Add 10 ml. CCl, Stopper tightly and shake in mechanical shaker for fifteen minutes 






2. Draw off supernatant with gentle suction. 


3. Add about 25 ml. distilled water and shake. Draw off water. Repeat wash. 
4, Add 5 ml. 0.5N NaOH. Shake three minutes in shaker. Draw off NaOH. 






5. Pour CCl, solution into colorimeter tube and read per cent T at 420 mu. 
Prepare blank by distilling 2 ml. NaHSO, and 5 ml. H.PO, into 2 ml. reagent and treat 








as if sample. 





A standard is run the same as a sample, substituting a known quantity of redistilled 






acetone for the blood. 0.02 mg. acetone was found suitable for the standard. 









LO 











OPTICAL DENSITY 


2 








| in al 


Oo! 02 03 04 6 0 Oo 8 
ACETONE (mgm) 


Fig. 2.—Extraction of acetone 2,4-dinitrophenylhydrazone under various conditions: 

1, dissolved in carbon tetrachloride; 2, dissolved in 0.8 per cent hydrochloric acid 
dissolved in 0.8 per cent hydrochloric acid, with 2 ml. reagent added to aqueous solutior 4 
dissolved in 0.8 per cent hydrochloric acid, with 4 ml. reagent added to aqueous solution 





RESULTS AND DISCUSSION 

It is known that the extraction of acetone 2,4-dinitrophenylhydrazone )) 

carbon tetrachloride is subject to a number of variables.* In order to test the 

quantitativeness of the recovery of acetone 2,4-dinitrophenylhydrazone the pure 

compound was prepared. The melting point of this preparation was 129° C. 
(m.p. of pure compound—126° C.). 

The above compound was made up in carbon tetrachloride and read at \ar'- 


pa 


ous concentrations at 420 mu and shown to follow Beer’s Law (Fig. 2, Cur 
If the extraction by carbon tetrachloride of the acetone 2,4-dinitrophenylh; (lra- 
zone formed during reaction is complete, values of the order of these in Curve | 
should be obtained. However, a number of factors are found to influenc: the 
extraction and recovery of the acetone 2,4-dinitrophenylhydrazone forme: 
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Using the pure preparation again, but dissolving in distilled water with the 
aid of concentrated hydrochloric acid, then extracting with carbon tetrachloride 
(duplieating the test procedure) only 5 to 6 per cent can be recovered (Fig. 2, 
Curve 2). When 2 ml. of 2,4-dinitrophenylhydrazine reagent is added to the 
aqueous phase, however, approximately 70 per cent of the acetone 2,4-dinitro- 
phenylhydrazone is recovered in the carbon tetrachloride (Fig. 2, Curve 3). 
The recovery can be increased to over 90 per cent using 4 ml. of reagent and 
shaking for fifteen minutes instead of ten minutes (Fig. 2, Curve 4), and can be 
made quantitative with 10 ml. of reagent. 

It is obvious that an excess of reagent is necessary to carry the acetone 
2 4-dinitrophenylhydrazone into the carbon tetrachloride. The use of large 
amounts of reagent, however, results in a very high blank (Table I), so that 
with samples of blood at or near normal levels such blanks introduce large errors. 


TABLE I. VARIATION OF REAGENT BLANK 


ML. REAGENT 0.D. ML. REAGENT o.D. 
0 0.000 6 0.104 
Z 0.046 R 0.125 
0.068 10 0.150 
{ 0.075 
Test conditions: no acetone, 15 ml. volume of aqueous phase, 10 ml. CCl ten minutes’ 
shaking. 


The recovery of acetone 2,4-dinitrophenylhydrazone is further influenced by 
the volume of the aqueous phase used (Table IL) and the time of shaking. In- 
creasing the time of shaking from ten minutes to fifteen minutes, keeping all 
other eonditions constant, will enhance the color from 0.02 to 0.04 O.D. unit. 


la Il. RECOVERY OF ACETONE 2,4-DINITROPHENYLHYDRAZONE FROM VARYING VOLUMES OF 
AQUEOUS SOLUTION 


VOLUME OF AQUEOUS SOLUTION O.D. 
5 ml. 0.236 
10 ml. 0.201 
15 ml. 0.168 
20 mi. 0.141 
25 ml. 0.125 


t conditions: 0.02 mg. acetone, 2 ml. reagent, 10 minutes’ shaking. 


e conditions for the test procedure can be chosen so that an absolute 


reco\-ry approaching 100 per cent is achieved. For the purpose of the pro- 
ced however, this is not essential. It is neeessary only that the relative 
reco. ry be complete, i.e., a known quantity of acetone treated in the same man- 
ner | repeatedly give the same result. In this laboratory, we preferred to 
choos. the conditions giving the least blank with the best extraction. Two 
milli! ors of reagent is used in a volume of 15 ml. with fifteen minutes’ shaking. 


Unde» these conditions, the recovery of acetone is complete whether added di- 
rectly clistilled from aqueous solution, or from blood to which acetone has been 
adde! Table IIL). The method will determine the acetone in blood ranging 
trom |) 10 50 mg. per eent. 
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TABLE III. Recovery OF ACETONE 
> 
TO REAGENTS TO REAGENTS TO BLOOD—* 
NOT DISTILLED DISTILLED DISTILLED 
MG. ACETONE ADDED oO. D. oO. D. 0. D, 

0.006 0.049 0.059 0.050 
0.01 0.081 0.086 0.082 
0.02 0.164 0.169 0.166 
0.04 0.317 0.3511 0.303 


*O.D. given has been corrected for the blood alone which gave O.D. O.016. 


CONCLUSION 


A simple, rapid method for the determination of acetone in 0.2 ml. whole 
blood is deseribed. 

The extraction of acetone 2,4-dinitrophenylhydrazone by carbon tetra 
chloride is subject to a number of variables, but, having selected suitable con 
ditions, consistent results are obtained. 


Acetone alone or acetone added to blood is recovered completely on dis 


tillation. 
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the many valuable suggestions he made. 
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PROCEDURE FOR PRODUCTION OF ANTI-SHEEP HEMOLYSIN 
L. AMY Darter, A.B. 
BERKELEY, (CALIF, 


ANY procedures have been recommended for the production of anti-sheep 
M hemolysin. We have attempted to produce hemolysin by numerous pre- 
scribed intravenous and intraperitoneal methods and have never been able to 
produce serum of high titer. Titers obtained ranged from 1-1000 to 1-8000 by 
Kolmer’s methods of titration. Frequentiv not even a 1-1000 titer could be ob- 
tained, in spite of repeated attempts. 

In 1932 when this Department undertook to standardize reagents for use in 
local publie health department laboratories in this State, the need for produe- 
tion of a higher titered hemolysin than had heretofore been produced seemed 
essential. Tutt, Yagle, and Rogers,' in their experiments with typhoid vaccines, 
demonstrated a more persistent appearance of antibody response by the intra- 
cutaneous injection than by other methods. 

Experiments were conducted in the production of anti-sheep hemolysin by 
employing the intracutaneous method. It developed that by injecting whole 
sheep blood intracutaneously into rabbits, followed by intravenous inoculation, 
surprisingly high titers resulted in over 75 per cent of the animals inoculated. 
It is not unusual to obtain a titer of 1-48,000 or higher. A titer of 1-20,000 
proved to be average. 

METHOD 


The following method of anti-sheep hemolysin production was initiated in April, 
3, in the California State Division of Laboratories and has been the standard procedure 
to date: 

Six or eight medium-sized young rabbits weighing about 2 kilograms are given a 
Series of five intracutaneous injections of whole sheep’s blood every other day. 

wo intravenous inoculations of 20 per cent washed sheep’s cells which are thor- 
oug washed in 0.85 per cent physiologic saline to which 0.01 per cent magnesium sulfate? 
has been added are given, allowing three days to intervene between inoculations. 

\ trial bleeding is taken from the rabbit’s ear on the third day after the second 


‘nous injection. If the titer is not sufficiently high, repeated intravenous injections 


are ven, 
TABLE I. SCHEDULE OF INJECTIONS 
AY DOSAGE IN ML, | ROUTE OF INOCULATION | MATERIAL INJECTED 
| 0.5 Intracutaneous Whole blood 
3} 1.0 Intracutaneous Whole blood 
5) is Intracutaneous Whole blood 
7 2.0 Intracutaneous Whole blood 
9 2.5 Intracutaneous Whole blood 
1.0 Intravenous 20% washed cells 
5 1.0 Intravenous 20% washed cells 
8 Trial bleeding 


n the California State Department of Public Health, Berkeley, Calif., Division of 


Labe I ries 


ived for publication, Nov. 24, 1952. 
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If the titer is satisfactory, exsanguinate rabbit. Preserve the serum by adding equal 
parts sterile glycerin. 
Titration of Hemolysin. 
1. 0.1 ml. of serum is mixed with 9.9 ml. of saline solution giving 
1:100 dilution (or 0.2 ml. glycerinated serum plus 9.8 ml. saline). 


Kolmer’s3 method of titration of hemolysin is employed. 
3. For distribution purposes lots of hemolysin are mixed in the proper 
proportion to insure a titer of at least 1:10,000 when mixed with 


equal parts of C.P. glycerin. 
DISCUSSION 


It has been our experience that sheep blood obtained from animals at a 
slaughterhouse produces as high a titer as sterile sheep blood. If the blood is 
badly contaminated the rabbit may develop uleers at the site of inoculation. 
This condition, however, does not necessarily result in death of the animal 
nor in a hemolysin of low titer. Over a period of eighteen years 224 rabbits 
have been inoculated by the above procedure, resulting in an average titer of 
1 :20,000 by Kolmer’s method of hemolysin titration.* Other laboratories have 
adopted this method as a routine procedure for years.t We have also tried 
this method of hemolysin production on one donkey and two horses. In one 
instance a 1-1000 titer was obtained in one of the horses. This observation 
is mentioned only as a possibility that a high titer might be produced in horses 
for large volume produetion of anti-sheep hemolysin. 


SUMMARY 


This method, which has given consistently satisfactory results, is recom- 


mended for the production of a high-titered anti-sheep hemolysin. 
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*Martha K. Hohl, Senior Bacteriologist in the Division of Laboratories, California State 
Department of Public Health, continues to employ this method, obtaining satisfactory sults 
consistently. 

_ tMeridian R. Ball, Assistant Professor of Bacteriology, Department of Bacteriolog Uni- 
versity of California at Los Angeles. 
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A SIMPLIFIED METHOD FOR THE DETERMINATION OF AMYLASE 
ACTIVITY IN SERUM AND URINE USING GLYCOGEN AND 
THE ANTHRONE REAGENT 
HARRY SoBe, PH.D., AND SARA M. Myers, MLS. 

Los ANGELES, CALIP. 


HE Somogyi method! for the determination of serum amylase has been 

widely used for many years. Recently Kibrick and associates? have reported 
a method which utilizes the anthrone reagent but retains starch as a substrate. 
Starch suspensions are unstable and require daily preparation. Complete re- 
moval of undigested starch is difficult. The use of glycogen as a substrate was 
investigated since it can be removed quantitatively by precipitation with 
methanol. 


MATERIALS AND METHODS 

Reagents. 

Phosphate-sodium chloride buffer.2 

Buffered glycogen substrate. Two grams of glycogen (Pfanstiehl C.P., specific rotation 
approx. +200 degrees) are dissolved in a solution containing 11 ml. of buffer and 89 ml. of 
water. The pH of this solution is 7.15 (Buffered glycogen substrate can be kept for at 
least a month in the refrigerator without precipitation, without change in pH, and with 
negligible hydrolysis. ) 

Absolute methyl alcohol. 

Fuller’s earth. 

Standard amylase solutions. These solutions were prepared by diluting human pancreatic 
juice assayed by the method of Somogyi. 

Anthrone reagent. 400 mg. of Microne (brand of anthrone, National Biochemical Co., 


( ago) are dissolved in 200 ml. of 95 per cent sulfuric acid. 

Standard glucose solutions. A stock standard glucose solution is prepared by dissolving 
1.000 Gm. of glucose in 100 ml. of saturated benzoic acid. The working standard glucose 
solution is prepared by diluting 1.00 ml. of the stock standard to 100 ml. with distilled water. 


Both solutions are kept in the refrigerator. 


PROCEDURE 


Three milliliters of glycogen substrate are placed into each of two test tubes, labeled 


N and No. 2, respectively. The tubes are placed into a 37° C. water bath for several 
tes. 0.20 ml. of serum or urine is added to tube No. 1, and the contents are mixed by 

on. Incubation is continued for exactly fifteen minutes. At the end of this time, 

|. of absolute methyl alcohol are added to both tubes, followed by 0.20 ml. of serum 
01 ie to tube No. 2. The tubes are corked with rubber stoppers and shaken for thirty 
se s. Two grams of Fuller’s earth are added, and the tubes are shaken vigorously two 
mi 3 and centrifuged. 

\fter centrifugation, 0.40 ml. of supernatant from each tube (or 0.20 ml. plus 0.20 ml. 
oi r if high values are expected) is transferred into a Klett colorimeter tube correspond 
Hi om the Department of Biochemistry, Division of Laboratories, Cedars of Lebanon 
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ingly labeled. 1.60 ml. of water and 4.00 ml. of anthrone reagent are added. The contents 
are mixed by stirring with a glass rod. A tube containing 0.40 ml. of working standard 
glucose solution and a blank containing 0.40 ml. of water are set up in a similar manner. 
\fter ten minutes the color intensity of all tubes is measured in a Klett-Summerson colorimeter 
using the red filter and setting the colorimeter to zero with the blank. 

In order to permit a direct utilization of the colorimetric readings, units of amylase 
activity are defined as follows: one hundred units of amylase activity are present in one 
hundred milliliters of fluid when the quantity of liberated anthrone-reacting substance present 
in 0.40 ml. of supernatant gives the same reading as 0.040 mg. of glucose. Units of amylase 


activity are thus calculated as follows: 


Glyeogen-anthrone Units Reading of tube No. 1 Reading of tube No. 2 


of Amylase Activity Reading of standard glucose solution 


600 


x.) 
S 
SQ 








240 320 400 «= 480 = 560 OH 720 


UNITS OF AMYLASE ACTIVITY (Somocy Merthoo) 
Fig.t. Comparison of values abtaned bythe Somogyi method with those obtained 
by the glycogen- anthrone method using standard amylase solutions. 


RESULTS 

Standard amylase solutions were assayed by the glycogen-anthrone method 
and by the Somogyi method. A linear relationship was found to exist between 
glycogen-anthrone units of amylase activity (units of anthrone-reacting siib- 
stance liberated) and enzymatie activity as determined by the Somogyi met!iod 
up to 800 Somogyi units (Fig. 1). If a value exceeding this level is obtai d, 
the procedure should be repeated using 0.10 ml. of enzyme-containing solu! ‘on 
and 0.10 ml. of saline. 

A linear relationship exists between time of incubation and glycoven- 
anthrone units of amylase activity (Fig. 2). A fifteen-minute incubation pe: od 
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was selected for routine determinations since sufficient enzymatie activity oecurs 
in this time to allow for satisfactory colorimetric determination. 

In Table I units of enzymatie activity obtained by the Somogyi method are 
compared with those obtained by the glycogen-anthrone method. Twenty spec} 
mens of serum and urine were assaved by the glycogen-anthrone method and 
the Somogyi method. A consistent correlation was observed and a mean con- 


version factor of 1.62 was obtained: 


Somogyi units = 1.62 * glycogen-anthrone units. 
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Fig 2. Relation between time of incubation and units 
of anthrone-reacting substance liberated. 


DISCUSSION 
The glycogen-anthrone method permits an accurate assay of amylase activity 
i 4 relatively short time. Only 0.40 ml. of serum or urine is necessary in con- 
to larger quantities demanded by other methods. 


The combined glycogen-buffer solution offers several advantages. It is 


eas'!y prepared and ean be kept for at least a month in the refrigerator with- 
OW precipitation, without change in pH, and with negligible hydrolysis. Stareh 
Sus ensions require daily preparation. 


\ glycogen-anthrone unit of amylase activity as defined has been found to 
be 617 of a Somogyi unit. By use of the factor 1.62, glyeogen-anthrone units 


e converted to Somogyi units. 
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A simplified method is described for the determination of amylase activity 


After incubation with buffered glycogen solution for 


fifteen minutes, methyl alcohol is added to precipitate the remaining glycogen. 


The anthrone-reacting substance liberated is determined colorimetrically. Re 


sults obtained are correlated with values obtained by the Somogyi amylase 


method. 
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A METHOD FOR THE DETERMINATION OF THE EFFECT OF 
HYPOTHYROIDISM ON GASTRIC MOTILITY IN THE DOG 
JANICE A. MENDELSON, B.S., M.MSc., M.D., RicHarp Lee Rupy, D.V.M., MSc., 
AND GEORGE M. Curtis, Pu.D., M.D. 
CoLUMBUS, OHIO 


INTRODUCTION 


N THE course of observations on patients in the Ohio State University 

Hospital, an apparent relationship was seen between abdominal pain and 
gastric hypermotility in individuals with hypothyroidism.’}? Because of the 
difficulty of obtaining controlled observations in human subjects, an attempt was 
made to make similar studies in dogs. These studies are not yet completed, 
but the method has proved useful in our laboratories. As very little work has 
been done on this subject in the past, the techniques used are discussed at this 
time that their simplicity may aid others who wish to make similar studies. 


MATERIALS AND METHODS 


The procedure consists of gastric motility studies on the unanesthetized dog, with 
simultaneous respiratory tracings, a modified somnolent metabolic rate determination, and 
blood iodine and serum cholesterol determinations. A record of the pulse rate and weight 
is kept. The dogs are then subjected to a total thyroidectomy with preservation of the 


parathyroids, and the same determinations made at intervals postoperatively. 





1. Gastric Motility Studies.—The most simple type of apparatus was considered to be 
the use of an intragastric balloon, with bromoform manometers and ink-writing floats re 
‘ording on a dual-drum kymograph. 

A Miller-Abbott tube was shortened to serve as a gastric tube. In order to permit 
maximum accuracy and to render tracings as quantitative as practical, there are several 
factors to consider in preparing these tubes. The diameter and length of the Miller-Abbott 
balloon should remain uniform and be recorded with each tracing. These measurements are 
inade as follows: The diameter is most accurately measured before the balloon is attached 

the tube. This avoids inaccuracy due to stretching when the balloon is inflated. The 
gth of the balloon is the distance between the proximal and distal tie holding the balloon 
the tube. These precautions are taken because it is felt that if balloons with the same 
meters and lengths are filled with approximately the same volume of air, the resulting 
cings can be compared more accurately. This takes into consideration the point made by 
icQuigg,3 who illustrated the difference that the size and shape of the balloon can 
ce. Thus two balloons of different sizes can be filled with an equal volume of air, but 
shorter one is more likely to record only one peristaltic wave at a time. The longer 
oon, by recording two waves simultaneously, can produce a tracing showing a false 
mation-type of contraction. 

The volume of air used in the balloon is recorded so that subsequent tests can be done 

conditions similar to the original tracings. This is particularly important in serial 

ies on the same animal. 

The fourth measurement to be recorded is the distance the tube is down. The position 
he tube is checked by x-ray at the end of the first test on each animal. No contrast 
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medium is needed for this, as the relationship 
is deemed adequate for these studies. The tub 
point, such as the level of the incisor teeth, « 
can be replaced to approximately the same port 
without the need for more than one x-ray stud; y 
The introduction of the tube into the stomach of the intact fasting unanesthetized dog 
was found to be relatively easy. The mouth of the animal is tied over a rectangular rubbe: 
block which is initially placed sufficiently far back to hold the mouth open widely, T! 


deflated balloon is lubricated with a water-soluble lubricant. An assistant studies the dog 
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GASTRIC 






Oo 
RESPIRATORY 


Moved 


ee or ae Kererrrry Tete tee tT. 


10 SECONDS 


Fig. 1.—Dog No. 1. Thyroidectomy thirteen days previously. 

xX Corresponding points on pneumograph and gastric tracing 

Dog, dozing quietly. 

Oo At height of gastric contraction, awoke whimpering then immediately dozed aga 


while the balloon is thrust through a hole in the center of the block into the pharynx. It 


was found that the passage of the balloon into the pharynx was facilitated by applying 


gentle traction to the tongue. The tie is loosened, and the block moved forward in ‘lie 
mouth to allow the mouth to be partly closed to a position in which the animal is more 


comfortable and can swallow more easily. The block is then tied securely in place 
gauze bandage. The balloon is introduced to the desired level as the dog swallows, °nd 
anchored in position by means of adhesive tape. It has been shown that in the dog, a 

an, gastric motility is affected by the emotional state of the individual, and various envi!!! 


mental factors.4 Therefore the animal is handled as gently as possible, and the tests 
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conducted in a quiet, isolated room. Unlike the technique of MacQuigg and Kingma,® the 
dog sits or lies on a table with the assistant sitting beside him, no restraints being used other 
chan the assistant’s hand. 

Although Carlson’s studies incorporated simultaneous pneumographie tracings, a number 
of investigators since have neglected to do so. A tracing of pseudo-gastric hypermotility ean 
be obtained by various extragastric movements. Usually the experienced observer can dis 
tinguish artifacts from true gastrie contractions, but we have observed instances of artifacts 
on the gastrie tracing resulting from body motion or hyperventilation mimicking types IT and 
III gastrie contractions. Therefore, in order to record the motions of the thoraco-abdominal 
wall simultaneously with the intragastric contractions, a balloon was attached to a rectangular 
piece of firm rubber webbing and bandaged firmly in place over the chest. The single-lumen 
tube from this balloon is attached to an ink-writing bromoform manometer in the same manner 
as that from the gastric balloon. Time is recorded by means of a signal magnet marking 
ten second intervals. All tracings are of at least one hour duration so that the initial part 
of the test which might be influenced by excitement incident to the passage of the tube, and 
by the presence of the small amount of lubricant, can be discounted, and so that the pattern 
of contractions can be observed. Fig. 1 is a photograph of a portion of a tracing obtained 
from a very lethargic thyroidectomized dog whose metabolic rate had dropped from a pre 
operative level of +16 to —3 per cent. The value of the respiratory tracing is seen as it 
illustrates the relationship of the motion of the otherwise quiet animal to the high gastric 
contractions. 

2. Metabolic Rate Determination.—The metabolie rate of the dog is determined under 
intravenous Nembutal anesthesia in the fasting state. Nembutal has been shown by Cavett 
to have no significant effect on the basal metabolic rate of dogs. Its use obviates the necessity 
of training the animal, and removes the unmeasurable influence of environmental stimuli. 
The dosage of Nembutal is not predetermined, the drug being injected fairly slowly in the 
concentration of 60 mg. per milliliters until the dog does not react to tactile stimuli, usually 
about 4 to 6 ml. being required. To minimize the amount of Nembutal required, and to 
reduce reflex respiratory effects, the larynx and trachea are then anesthetized with 1 per 
cent pontocaine in the form of a spray supplemented by its application by means of a 
cotton swab. The largest possible endotracheal tube is inserted. A size 38 Magill tube 
with an inflatable cuff has been found satisfactory in most cases to enable the maximum 
respiratory exchange without leakage. The tube is attached to a standard basal metabolism 
machine, both the Benedict-Roth and McKesson machines having been used in this labora 
tory and found satisfactory for this purpose. The only adaptation needed to convert the 
machine from use for human tests to use for dogs was found to be the necessity for the 
shortest possible rubber hose between the machine and the mouthpiece connection so as to 
Minimize the dead space. The mouthpiece used for human B.M.R. determinations served as 
a completely adequate adapter, being attached to the machine in the usual way, with the 


proximal end of the endotracheal tube inserted into the lumen of the mouthpiece in the 


tion of the mouthpiece which is ordinarily inserted into the patient’s mouth. The machine 
s then operated as for a human B.M.R. determination. If the animal has regular, normal 
respirations and the tracing shows the low uniform oxygen consumption characteristic of a 
satisfactory test, a three-minute record is entirely adequate. 
In calculating the basal metabolic rate of dogs, there are two methods which may be 
ied. One is to base the determination on the surface area, as is ordinarily done in man. 
Probably the most widely used formula for this is the Cowgill-Drabkin formula, 
0.367 


S.A. — 2.268Wem. Lem. 


‘.\. being the surface area in square centimeters, W the weight in grams, and L the length 
ot 


' ‘he dog from tip of nose to anus in centimeters.? 
Comparing the results obtained in this way with those obtained on the basis of weight, 
\tter appeared, in our 


the 


observations, to be much more accurate. This agreed with the 
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findings of Brody, who feels that in anin 
fore determine the theoretical normal for 


( 


Q being the number of calories produced per twenty-1our nours, and M tne weignt OL tie 
animal in kilograms.8 The percentage difference between this theoretical normal and it'e 
value obtained experimentally is the metabolic rate as recorded in our results. 

3. Laboratory Studies.—The serum cholesterol] and blood iodine determinations are made 
in the usual manner. We have observed that some commercial dog foods have an exceeding, 
high iodine content, giving soluble blood iodine fractions’ of about 30 meg. per cent and 
completely invalidating protein-bound iodine determinations. Therefore, unless the compos 


tion of the commercial preparation is definitely known, these should be avoided. 


SUMMARY 


A simple plan for the determination of the effect of hypothyroidism on 
gastric motility in the dog is presented. The methods described are readily 


applicable to other studies of gastrie physiology and metabolism in the dog. 


The equipment used is that readily available in a general hospital with access to 


physiological laboratory facilities. 
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